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(54) Writing method for optical disc, processing method for information, optical disc apparatus, 
and information processing apparatus 

(57) A writing method for an optical disc to optimize 
writing speed, wherein a spiral track on the optical disc 
is divided into a plurality of zones, and different CLV writ- 
ing speeds are used for perfonning a ZCLV writing to 
the zones respectively. The writing method comprises 
steps of setting a plurality of writing modes, storing a 
plurality of zone parameter sets for the writing modes 
respectively in a memory, wherein each of the zone pa- 
rameter sets comprises dividing times for dividing the 
zones, and the different CLV writing speeds for the zone 
respectively; detemiining a disc type of the optical disc 
by a disc type determining device before the ZCLV writ- 
ing is performed; selecting one of the zone parameter 
sets that is suitable to the disc type of the optical disc; 
and performing the ZCLV writing with the writing mode 
corresponding to the selected zone parameter set. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application daims the priority benefit of 5 
Japanese application serial no. 2001-078159, filed on 
March 19, 2001, 2001-129986. filed on April 26, 2001 
and 2001-261036, filed on August 30, 2001 . 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention: 

[0002] This Invention relates in general to a writing 
method for an optical disc, a processing method for tn- 
fomnatlon, an optical disc apparatus, and an information 
processing apparatus. 

2. Description of Related Art: 

[0003] Conventionally, a spiral track is formed on a 
compact disc (CD) from the inner circumference to the 
outer circumference. In addition, an example for a data 
recordable disc is the CD-R (Compact Disc- Recorda- 
ble) disc. When the data is written to the CD-R, the data 
is also written on the track with a constant linear density. 
[0004] In general, the optical disc device for writing 
Infonnation on a writing medium, such as a CR-R/RW 
(Compact Disc- Recordable/ReWrIt able) medium hav- 
ing spiral tracks thereon, is rotated under a CLV (Con- 
stant Linear Velocity) control. For the CLV control, the 
optical disc is controlled to rotate with a rotational veloc- 
ity such that the track length passing over an optical 
pick-up of the optical disc device per unit time is a con- 
stant. Therefore, when the information is recorded on 
the Inner circumference of the recording medium, the 
rotational speed of the recording medium is faster, while 
when the information is recorded on the outer circum- 
ference of the recording medium, the rotational speed 
Is slower. 

[0005] As the optical disc apparatus, such as the 
CD-R/RW, for writing infomriation to an optical disc is 
used as an external apparatus of a personal computer 
and becomes popular, a high-speed of writing is greatly 
desired. When the optical disc Is written with a high 
speed, the rotational speed of the optical disc becomes 
large. Due to influences of the bad mechanical accura- 
cy, burred surface of the optical disc and the eccentricity 
etc, a track deviation, which means that the light spot 
for performing the data writing to the optical disc falls 
out of the track, occurs easily. When the track deviation 
occurs when the data writing is performed, the optical 
disc cannot be used any more. This is a severe problem. 
[0006] For the CD-R disc, the data writing density of 
the entire disc surface is the same. When the linear ve- 
locity (a relative velocity along the tangent direction of 
the light spot position on the optical disc) of the light spot 
for writing/reproducing the data on the optical disc Is 



fixed at 1.2-1.401/5, the channel bit rate of the data is 
4.321 8MB/sec. The writing speed under such a condi- 
tion Is known as a 1 X writing speed, and the optical disc 
controlled to rotate with a constant linear velocity is 
known as a CLV (constant linear velocity) writing. Be- 
cause the CD type disc uses the fonmat above that the 
linear velocity of the data is constant, the writing Is per- 
formed by the CLV method. Based on the one time 
speed (1 X), the CLV writing Is perfomned with an integer 
time speed (such as 1 X. 2X, 4X. 8X. 1 2X. 1 8X, 20X, etc. 
X is the multiple). 

[0007] When the data writing is performed by the CLV 
method, the number of rotations of the optical disc at the 
inner circumference and the number of rotations of the 
optical disc at the outer circumference are greatly differ- 
ent. Of course, the number of rotations of the optical disc 
at the inner circumference Is. greater than the number of 
rotations of the optical disc at the outer circumference. 
In order to suppress the occurrence of the track devia- 
tion during the data writing, the entire optical disc has 
to be written by setting a CLV speed such that the track 
deviation will not occur at the Innerest circumference 
where the optical disc rotates with a highest speed. In 
this situation, the number of rotations at the outer cir- 
cumference of the optical disc has a margin with respect 
to the track deviation. 

[0008] In addition to the CLV control, there is still a 
CAV (Constant Angular Velocity) control such that the 
optical disc Is controlled to rotate with a constant angular 
velocity. For the CAV control, the information is always 
recorded to the recording medium with a constant rota- 
tional velocity of the recording medium, rather than ac* 
cording to a writing position of the recording medium 
with respect to the optical pick-up. 
[0009] Recently, the optical disc has become highly 
competitive in the high-speed appllcatton. Because of a 
spindle motor that drives the optteai disc, a high-speed 
rotation is necessary. For the CLV optical disc, in view 
of the spindle motor, the optical pick-up has to rotate 
fast when the infonnation is recorded on the inner cir* 
cumference of the recording medium, and the rotational 
speed of the recording medium is faster, while the opti- 
cal pick-up can rotate slowly when the information is re- 
corded on the outer circumference of the recording me- 
dium. To increase the speed of the spindle motor re- 
quires using a motor, a driver, and circuits for the high- 
speed demand. Accordingly, it is obvious that the sys- 
tem itself becomes larger and the cost goes up. 
[0010] To solve the above problems, a ZCLV (Zoned 
CLV) control is made practicable. For the ZCLV control, 
the writing speed at the Inner circumference of the re- 
cording medium (the optical disc) is slowed. When the 
information Is recorded on an outer circumference from 
certain position of the recording medium, the writing 
speed is Increased. Namely, when the Information is re- 
corded on the innermost circumference of the recording 
medium, the spindle motor rotates with a high speed. 
Therefore, as the writing position is moved to the outer 
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circumference of the recording mecfium, the rotation of 
the spindle motor is continuously slowed because of the 
CLV control. 

[001 1] According to the ZCLV method, the writing ar- 
ea ofthe optical disc is divided into zones, such as the 
inner circumference, the middle circumference and the 
outer circumference, the CLV writing speed for each 
zone is set such that a continuous writing is made pos- 
sible, by which the mechanism can implement a high- 
speed writing. Fig. 2 shows an example for implement- 
ing the ZCLV writing according to the above technology. 
In Fig. 2, the horizontal axisstands for the position (time) 
of the optical disc and the vertical axis stands for the 
writing speed. In this example, the optical disc is divided 
into three zones (Lead-in - tl, t1 - t2, and t2 - Lead- 
Out), and the CLV velocities for the tree zones are set 
to S1. S2 and S3, respectively for writing data. At the 
zone Joint t1 , t2, a technology disclosed by Japanese 
Laid Open HI 0-49990 can be used lo maintain the data 
continuity. 

[0012] For the general CLV method, the rotational 
speed of the spindle motor Is continuously decreased 
from the innermost circumference to the outermost cir- 
cumference. However, for the ZCLV method, once the 
writing is interrupted at a certain position, the writing 
speed is Increased. Namely, the rotational speed of the 
spindle motor is increased at that position. As the rota- 
tional speed of the spindle motor Is increased, the writ- 
ing is restarted. Then, the information is written to the 
optical disc toward the outer circumference and the ro- 
tational speed of the spindle motor is continuously de- 
creased during this period. By repeatedly performing the 
process for a predetermined time, the spindle motor can 
rotate with a higher speed until the data is written to the 
outer circumference of the optical disc. 
[0013] In addition, because the density of infomnation 
written to the optical disc of the entire track is the same, 
the track length passing over the optical pick-up per unit 
time is easily understood. Assuming the writing speed 
from the inner circumference to the outer circumference 
of the optical disc Is increased twice, the relationship 
between the writing position on the disc and the rota- 
tional speed of the spindle motor is shown in Fig. 2. In 
the above ZCLV method, the upper limit of the rotational 
speed of the spindle motor can be put to a certain value 
and a higher writing speed Is possible. 
[0014] Conventionally an optical disc writing method 
for optimizing the writing speed is provided. The spiral 
track on the optical disc is divided into a plurality of 
zones, and the data writing to each zone Is performed 
with a different CLV writing speed. In the ZCLV writing 
method, a plurality of writing modes is set. In each writ- 
ing mode, zone dividing times for dividing the zones and 
CLV writing speeds for each of zones are used as zone 
parameters and stored In a memory. Before writing, the 
type of the optical disc is determined by a disc-type de- 
termining device, and according to result, the zone pa- 
rameters suitable for the disc type are selected among 



the plurality of zone parameters from the memory. Then, 
the ZCLV writing is perfonned under a writing mode cor- . 
responding to the selected zone parameters. 
[0015] Japanese Laid Open H07-93873 or 

5 H11 -66726 discloses a writing method by the ZCLV 
method for an optteal disc where zones exist. Regarding 
this method, for an optical disc consisting of only one 
spiral track, such as the CD-R disc, because the zones 
are not divided in advance, the ZCLV writing cannot be 

10 used. 

[0016] For the ZCLV method, because the optical 
discs are made by different corporations and countries, 
their characteristics, such as the eccentricity and the 
burred surface, are also different. When an optbal disc 

15 with bad characteristic is used in the disc apparatus and 
the rotates with a high speed, the follow controls of the 
focusing servo and the tracking servo will fail and the 
data writing cannot be performed with a high writing 
speed. In the above writing method, when the optical 

20 disc to whbh data is written cannot be written with a high 
writing speed, this situation will be detected so that the 
zone parameters, which are capable of writing data with 
a highest speed among all possible writing speeds for 
the optical disc, can be selected among the tinite 

25 number of the zone parameters stored in the memory. 
[0017] In the optical disc apparatus, the writing power 
Is different and dependent on the type of the optical disc. 
The reason is that the writing characteristic is greatly 
different due to the different material of the recording 

30 film, the film pressure, and the physical aspects of the 
width and the depth of the track, etc. In order to match 
the writing characteristic of the optical disc, the width of 
the writing pulse Is adjusted for each type of optical disc. 
[0018] In addition, the writing power is also different 

35 according to the CLV speed during the data writing. In 
general, if the writing power is proportional to the root 
of the CLV speed, the width of the writing pulse is ad- 
justed for each type of optical disc. The writing power 
varies with and greatly depends on the disc type and the 

40 CLV speed. 

[0019] In addition, the mechanical characteristic is al- 
so different according to the disc type because of the 
sputtering accuracy, the punching accuracy and the 
process manage target etc that the disc maker uses. If 

45 the mechantoal characteristte of the opttoal disc Is 
worse, there Is danger due to the track deviation when 
the optical disc rotates with a high speed. When the 
high-speed writing is performed by the ZCLV method, it 
has to avoid the writing interrupt due to the track devia- 
te tion. Therefore, the writing speed has to be determined 
according to a trade-off with the mechanical character- 
istic of the optical disc. 

[0020] Considering the mechanical variations due to 
the disc type, it becomes a problem to provide a method 
55 for determining the zone region t1 , t2, and their corre- 
sponding CLV speed (writing speed) such that the data 
writing to the optical disc can be performed with a high- 
est speed and a highly reliable writing without track de- 
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viation can be performed to the optical disc. 
[0021 ] Even if the optical discs are the same type, the 
writing sensitivity and the mechanical characteristic are 
dispersed due to the unevenness of the manufacturing 
conditions. Regarding the optical disc apparatus, be- 5 
cause of the unevenness of the assemble accuracy, the 
chucking accuracy (a shifting amount between the cent- 
er of the optical disc and the rotational center of the driv- 
ing motor) when the optical disc is loaded is also une- 
ven, and the relative mechanical accuracy of the optical io 
disc becomes uneven too. In addition, due to the une- 
venness of the wavelength of the semiconductor laser, 
the writing sensitive characteristic is also uneven. Due 
to the unevenness of the manufacturing conditions, the 
maximum possible writing speed is also uneven. To re- is 
al^ detect the variation of the maximum writing speed 
due to the manufacture unevenness, the maximum writ- 
ing speed has to be set 

[0022] According to above writing method, the 
number of the zone parameters stored in the memory is so 
finite. The zone parameters are only generated on an 
assumption of several parameters. As for the optical 
disc, even though the zone parameters have a writable 
speed without causing the track deviation, it cannot be 
used as zone parameters capable of performing at high- ^5 
est writing speed. 

[0023] When the optimum writing speed is deter- 
mined and set by the optical disc apparatus, the data 
writing to the optical disc wilt be performed with a speed 
different from the speed set by the user. At this time, 30 
when the writing speed is lower than the writing speed 
set by the user, the writing operation does not complete 
even though the preset writing time has passed, the ill 
condition for the optical disc apparatus. occurs and the 
personal computer may hang up. 35 
[0024] When the optimum writing speed is deter- 
mined and set by the optical disc apparatus, the data 
writing to the optical disc will be perfomried with a speed 
different from the speed set by the user. At this time, the 
preset writing complete time is unknown. In addition, the 40 
user cannot set the writing speed to try to use the optical 
disc apparatus. For example, If the user has many of the 
same optical discs, the limit of the writing speed cannot 
be found by experiment. 

45 

SUMMARY OF THE INVENTION 

[0025] According to the foregoing description, an ob- 
ject of the invention is to provide an optical disc writing 
method and an optical writing apparatus, wherein the so 
ZCLV zones can be set to match the mechanical char- 
acteristic and the writing characteristic for each disc 
type, and high-speed writing can be performed without 
causing track deviation. 

[0026] It is an object of the Invention to provide an In- 55 
fomnation processing method and an information 
processing apparatus, wherein the user can know that 
the actual writing speed is different from the writing 



speed set by the user, the user can predict the writing 
complete time, and the user can also perform the exper- 
imental test writing. 

[0027] It is an object of the invention to provide an op- 
tical disc writing method and an optical writing appara- 
tus, wherein both stable writing and high-speed writing 
can be achieved. In addition, the writing can be per- 
formed at the highest speed without failure in the writing 
and without losing the writing quality. 
[0028] It is an object of the Invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein the ZCLV zone regions can be set to 
match the mechanical characteristic and writing power 
characteristic for each type of the optical disc, so that a 
high-speed writing can be perfomried without causing 
track deviation. 

[0029] It is an object of the Invention to provide an in- 
formation processing method and an information 
processing apparatus, wherein the user can be in- 
fonmed that the writing speed set by the user and the 
actual writing speed are different so that the user can 
predk:t the writing finish time. In addition, the user can 
perform experimental test writings. 
[0030] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, in which both the stable writing and the high- 
speed writing are satisfied. In addition, the writing can 
be performed at the highest writing speed without failure 
in writing and without losing the writing quality. 
[0031] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein when the ZCLV writing is perfomied. the 
writing speed for each zone is optimized, and high- 
speed writing Is possible without causing servo devia- 
tion. 

[0032] It is an object of the Invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein the writing can be performed with an op- 
timum writing speed for each maker or media type of 
optical disc. 

[0033] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein the CLV writing can also be perfonmed if 
the zones are not set on the opttoal disc. 
[0034] It is an object of the Invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein by reducing the writing speed by a pre- 
detennined level according to the level of the servo sig- 
nal deviation, high-speed writing can be perfomned with- 
out causing servo deviation. 

[0035] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein the writing can be performed with an op- 
timum writing power corresponding to the writing speed. 
[0036] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein the servo follow can be examined by ex- 
amining the servo signal deviation in the tracking direc- 
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tion, in the focusing direction, or in both the focusing and 
the tracking direc^on. 

[0037] It is an object of the invention to provide a writ- 
ing method for an optical disc and an optical disc appa- 
ratus, wherein when the actual writing speed and the s 
writing speed expected by the user are different, the us- 
er can be infomned of the information. 
[0038] According to the objects mentioned above, the 
invention provides a writing method for an optical disc 
to optimize a writing speed, wherein a spiral track on the 
optical disc is divided into a plurality of zones, and dif- 
ferent CLV writing speeds are used for performing a 
ZCLV writing to the zones respectively, the writing meth- 
od comprising steps of: setting a plurality of writing 
modes; storing a plurality of zone parameter sets for the 
writing modes respectively in memory, wherein each of 
the zone parameters sets comprises dividing times for 
dividing the zones, and the different CLV writing speeds 
for the zone respectively; determining a disc type of the 
optical disc by a disc type determining device before the 
ZCLV writing is performed; selecting one of the zone pa- 
rameter sets that is suitable to the disc type of the optical 
disc; and perfonming the ZCLV writing with the writing 
mode corresponding to the selected zone parameter 
set. 

[0039] The invention further provides a writing meth- 
od for an optical disc to optimize a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfomning a ZCLV writing to the zones respec- 
tively, the writing method comprising steps of: setting a 
plurality of writing modes; storing a plurality of zone pa- 
rameter sets for the writing modes respectively in a 
memory, wherein each of the zone parameter sets conrv 
prises dividing times for dividing the zones, and the dif- 
f erent CLV writing speeds for the zone respectively; per- 
forming a test writing to the optical disc at an initial writ- 
ing stage to obtain a test result; selecting one of the zone 
parameter sets according to the test result; and perf omr)- 
Ing the ZCLV writing with the writing mode conrespond- 
ing to the selected zone parameter set. 
[0040] The Invention further provides a writing meth- 
od for an optical disc to optimize a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for performing a ZCLV writing to the zones respec- 
tively, the writing method comprising steps of: setting a 
plurality of writing modes; storing a plurality of zone pa- 
rameter sets for the writing modes respectively in a 
memory, 

wherein each of the zone parameter sets comprises di- 
viding times for dividing the zones, and the different CLV 
writing speeds for the zone respectively; accessing the 
optical disc before a writing to obtain an access error 
result; selecting one of the zone parameter sets accord- 
ing to the access error result; and performing the ZCLV 
writing with the writing mode corresponding to the se- 
lected zone parameter set. 



[0041] The invention further provides a writing meth< 
od for an optical disc to optimize a writing speed, where- 
in a spiral track on the optical disc is divided Into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfomning a ZCLV writing to the zones respec- 
tively, the writing method comprising steps of: setting a 
plurality of writing modes; storing a plurality of zone pa- 
rameter sets for the writing modes respectively In a 
memory, wherein each of the zone parameter sets com- 
prises dividing times for dividing the zones, and the dif- 
ferent CLV writing speeds for the zone respectively; ac- 
cessing the optical disc before a writing to detect a servo 
signal deviation; selecting one of the zone parameter 
sets according to the servo signal deviation; and per- 
forming the ZCLV writing with the writing mode corre- 
sponding to the selected zone parameter set. 
[0042] The Invention further provides an Information 
processing method, using the writing method for an op- 
tical disc of any one of claims 1 to 4 to obtain an optimum 
writing speed, the method comprising steps of: inform- 
ing the optimum writing speed to a host computer or a 
write software; and displaying, by the host computer or 
the write software using the informed optimum writing 
speed, that to set a writing speed higher than the in- 
formed optimum writing speed is impossible, or that 
when a writing speed higher than the informed optimum 
writing speed is selected, the writing speed is changed 
to the informed optimum writing speed and the writing 
method is performed under a limit of the optimum writing 
speed. In addition, the optimization of the writing speed 
is selectable by the host computer or the write software. 
[0043] The invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfomning a ZCLV writing to the zones respec- 
tively, the optical disc apparatus comprising: means for 
storing a plurality of writing modes; means for storing a 
plurality of zone parameter sets for the writing modes 
respectively, wherein each of the zone parameter sets 
comprises dividing times for dividing the zones, and the 
different CLV writing speeds for the zone respectively; 
means for detennining a disc type of the optical disc be- 
fore the ZCLV writing is perfomned; means for selecting 
one of the zone parameter sets from the memory, 
wherein the selected zone parameter set Is suitable to 
the disc type of the optical disc; and means for perform- 
ing the ZCLV writing with the writing mode correspond- 
ing to the selected zone parameter set. 
[0044] The invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfomning a ZCLV writing to the zones respec- 
tively, the optical disc apparatus comprising: means for 
storing a plurality of writing modes; a memory for storing 
a plurality of zone parameter sets for the writing modes 
respectively, wherein each of the zone parameter sets 
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comprises dividing times for dividing the zones, and the 
different CLV writing speeds for the zone respectively; 
means for perfomiing a test writing to the optical disc at 
an initial writing stage to obtain a test resuit; means for 
selecting one of the zone parameter sets from the menrh 
ory according to the test result; and means for perform- 
ing the ZCLV writing with the writing mode correspond- 
ing to the selected zone parameter set. 
[0045] The invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfonming a ZCLV writing to the zones respec- 
tively, the optical disc apparatus comprising: means for 
storing a plurality of writing modes; a memory forstoring 
a plurality of zone parameter sets for the writing modes 
respectively, wherein each of the zone parameter sets 
comprises dividing times for dividing the zones, and the 
different CLV writing speeds for the zone respectively; 
means for accessing the optical disc before a writing to 
obtain an access error result; means for selecting one 
of the zone parameter sets according to the access error 
result; and means for selecting one of the zone param- 
eter sets from the memory according to the access error 
result; and means for performing the ZCLV writing with 
the writing mode corresponding to the selected zone pa- 
rameter set. 

[0046] The Invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on the optical disc is divided into a plu- 
rality of zones, and different CLV writing speeds are 
used for perfomriing a ZCLV writing to the zones respec- 
tively, the optical disc apparatus comprising: means for 
storing a plurality of writing modes; a memory forstoring 
a plurality of zone parameter sets for the writing modes 
respectively, wherein each of the zone parameter sets 
comprises dividing times for dividing the zones, and the 
different CLV writing speeds for the zone respectively; 
means for accessing the optical disc before a writing to 
obtain a servo signal deviation; means for selecting one 
of the zone parameter sets from the memory according 
to the servo signal deviation; and means for performing 
the ZCLV writing with the writing mode corresponding 
to the selected zone parameter set. 
[0047] The Invention further provides an Infomnatlon 
processing apparatus, using any one of the optical disc 
apparatuses above capable of obtaining an optimum 
writing speed, the apparatus comprising: means for In- 
forming the optimum writing speed to a host computer 
or a write software; and means for displaying, by the 
host computer or the write software using the informed 
optimum writing speed, that to set a writing speed higher 
than the informed optimum writing speed is Impossible, 
or that when a writhing speed higher than Informed op- 
timum writing speed is selected, the writing speed is 
changed to the informed optimum writing speed and the 
writing method is performed under a limit of the optimum 
writing speed. 



[0048] The information processing apparatus further 
comprises means for measuring a data transfer rate dur- 
ing the writing to report a writing speed or an average 
writing speed during the writing, or an average writing 
5 speed, a maximum writing speed or a minimum writing 
speed afterthe writing. The apparatus further comprises 
. means for selectably optimizing the writing speed at the 
host computer or in the write software. 
[0049] The Invention further provides an optk^al disc 
10 apparatus for writing a data to an optical disc by a ZCLV 
(zoned constant linear velocity) method, comprising a 
changing devce for changing a position, where a writing 
speed for the optical disc is changed, according to a disc 
characteristic for writing. 
15 [0050] The changing device detenmines the position, 
where a writing speed for the optical disc is changed, 
according to an ATIP Infonmation that Is stored on the 
optical disc in advance. The changing device deter- 
mines the position, where a writing speed for the optical 

^ disc Is changed, according to a servo status with respect 
to the optical disc. The changing device detemiines the 
position, where a writing speed for the optical disc is 
changed, according to a capacity of the optical disc. 
[0051] The invention further provides a writing moth- 

25 od for an optbat disc, wherein a spiral track on the op- 
tical disc is divided into a pluralrty of zones, and different 
CLV (constant linear velocity) writing speeds are used 
for perfonnlng a ZCLV (zoned CLV) writing to the zones 
respectively, the writing method comprising steps of: ob- 

30 talning an amplitude information of a focusing en^or sig- 
nal with respect to the optical disc when a writing is per- 
formed; and calculating dividing times for the zones In 
real time according to the amplitude infomnatlon of the 
focusing enror signal. 

35 [0052] The invention further provides a writing meth- 
od for an optical disc, wherein a spiral track on the op- 
tical disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are used 
for perfomriing a ZCLV (zoned CLV) writing to the zones 

40 respectively, the writing method comprising steps of: ob- 
taining an amplitude information of a tracking error sig- 
nal with respect to the optbal disc when a writing is per- 
formed; and cateutating dividing times for the zones in 
real time according to the amplitude infomnatlon of the 

45 tracking error signal. 

[0053] The Invention further provides a writing meth- 
od for an optical disc, wherein a spiral track on the op-, 
tical disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are used 

so for perfomriing a ZCLV (zoned CLV) writing to the zones 
respectively, the writing method comprising steps of: ob- 
taining a power variation information of a running OPC 
result with respect to the optical disc when a writing is 
performed; and calculating dividing times for the zones 

55 In real time according to the power variation information. 
[0054] The Invention further provides a writing meth- 
od for an optbal disc, wherein a spiral track on the op- 
tical disc is divided Into a plurality of zones, and different 
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CLV (constant linear velocity) writing speeds are used 
for pert onning a 2CLV (zoned CLV) writing to the zones 
respectfvetyt the writing method comprising steps of: ob- 
taining amplitude infomiation of a tracking error signal 
and a focusing en'or signal with respect to the optical s 
disc when a writing is periormed; and calculating divid> 
ing times for the zones in real time according to the am- 
plitude infomiation of the tracking error signal and the 
focusing error signal. 

[0055] The Invention further provides a writing meth- 
od for an optical disc, wherein a spiral track on the op- 
tk:al disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are used 
for performing a ZCLV (zoned CLV) writing to the zones 
respectively, the writing method comprising steps of: otv 
talning amplitude infomiation of a tracking error signal 
and a focusing error signal with respect to the optteal 
disc when a writing Is perfomned; and obtaining a power 
variation Information of a running OPC result with re- 
spect to the optical disc when a writing is performed; 
and cak:ulating dividing times for the. zones in real time 
according to the anrplitude information of the tracking 
en-or signal and the focusing error signal as well as the 
power variation Infomnation. 

[0056] The invention further provkies an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on an optical disc is divided into a plu- 
rality of zones, and different CLV (constant linear veloc- 
ity) writing speeds are used for perfonnmg a ZCLV 
(zoned CLV) writing to the zones respectively, the ap- 
paratus comprising: means for obtaining an amplitude 
infonnation of a focusing en'or signal with respect to the 
optical disc when a writing is performed; means for de- 
tennining whether a next zone Is switched to according 
to the amplitude infomiation of the focusing error signal; 
means for calculating dividing times for the zones when 
the next zone is switched to; means for generating zone 
parameters based on the dividing times; and means for 
perfonning the ZCLV writing with a writing mode corre- 
sponding to the zone parameters. 
[0057] The invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on an optical disc is divided into a plu- 
rality of zones, and different CLV (constant linear veloc- 
ity) writing speeds are used for perfomnlng a ZCLV 
(zoned CLV) writing to the zones respectively, the ap- 
paratus comprising: means for obtaining an amplitude 
infomnation of a tracking error signal with respect to the 
optical disc when a writing is performed; means for de- 
tennlnlng whether a next zone Is switched to according 
to the amplitude infonnation of the tracking error signal; 
means for calculating dividing times for the zones when 
the next zone is switched to; means for generating zone 
parameters based on the dividing times; and means for 
perfomning the ZCLV writing with a writing mode corre- 
sponding to the zone parameters. 
[0058] The Invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 



in a spiral track on an optical disc is divided into a plu- 
rality of zones, and different CLV (constant linear veloc- 
ity) writing speeds are used for perfonning a ZCLV 
(zoned CLV) writing to the zones respectively, the ap- 
paratus comprising: means for obtaining a power varia- 
tion information of a running OPC result with respect to 
the optical disc when a writing is performed; means for 
detenmining whether a next zone is switched to accord- 
ing to the power variation Infonmation; means for calcu- 
lating dividing times for the zones when the next zone 
is switched to; means for generating zone parameters 
based on the dividing times; and means for perfonning 
the ZCLV writing with a writing mode conresponding to 
the zone parameters. 

[0059] The Invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on an optbal disc is divided Into a plu- 
rality of zones, and different CLV (constant linear veloc- 
ity) writing speeds are used for performing a ZCLV 
(zoned CLV) writing to the zones respectively, the ap- 
paratus comprising: means for obtaining amplitude in- 
formation of a focusing error signal and a tracking error 
signal with respect to the optical disc when a writing Is 
performed; moans for determining whether a next zone 
is switched to according to the amplitude information of 
the focusing error signal and the tracking error signal; 
means for calculating dividing times for the zones when 
the next zone Is switched to; means for generating zone 
parameters based on the dividing times; and means for 
performing the ZCLV writing with a writing mode corre- 
sponding to the zone parameters. 
[0060] The Invention further provides an optical disc 
apparatus capable of optimizing a writing speed, where- 
in a spiral track on an optical disc is divided into a plu- 
rality of zones, and different CLV (constant linear veloc- 
ity) writing speeds are used for perfomning a ZCLV 
(zoned CLV) writing to the zones respectively, the ap- 
paratus comprising: means for obtaining amplitude In- 
formation of a focusing error signal and a tracking error 
signal with respect to the optteal disc when a writing is 
performed, and for obtaining a power variation Informa- 
tion of a running OPC result with respect to the optical 
disc when a writing is performed; means for detemninlng 
whether a next zone is switched to according to the am- 
plitude Infonnation of the focusing error signal and the 
tracking error signal, as well as the means for calculating 
dividing times for the zones when the next zone is 
switched to; means for generating zone parameters 
based on the dividing times; and means for perfomning 
the ZCLV writing with a writing mode conresponding to 
the zone parameters. 

[0061] The invention further provides an optical disc 
apparatus, wherein a light is emitted from a light emitting 
element to write data on a write-once type or a rewritable 
optical disc that Is driven to rotate, the apparatus com- 
prising: a motor for rotation ally driving the optical disc; 
a servo driving device capable of driving the motor such 
that the optical disc is rotated in a CLV (constant linear 
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velocity) mannen a first table for storing a plurality of 
writing modes corresponding to a plurality of positions 
of zones (zone positions) and writing speeds when a 
writing is perfonmed for the zones respectively, wherein 
a writable region of the optical disc is divided into the 
zones from an inner circumference to an outer circunrv 
ference; a second table for storing a plurality of disc 
types of the optical disc and the writing modes each of 
which corresponds to one disc type of the optical disc; 
a disc type determining device for determining the disc 
type of the optical disc; a position detecting device for 
detecting a position on the optical disc; a writing mode 
setting devce such that the writing mode con'esponding 
to detennined disc type is read from the second table 
and the writing mode read from the first table is set as 
a writing mode for writing to the optical disc; a CLV con- 
trolling device for controlling the servo driving device 
such that according to the set writing mode, a zone Is 
determined from the position detected by the position 
detecting device, and then a data writing Is perfomned 
for the zone with the writing speed set for the zone; a 
deviation detecting device for detecting a servo signal 
deviation of the servo driving device with the writing 
speed set by the writing mode setting device; and a first 
speed reducing device for reducing the writing speed by 
the CLV controlling device when controlling the servo 
driving device according to the detected deviation. 
[0062] Accordingly, when the writing is performed to 
the optical disc, the servo follow can be examined with 
the writing speed for actually perfomning the writing to 
each zone. Because the variation due to the manufac- 
turing dispersion of the optical disc can be absorbed, 
and the writing speed for each zone Is optimized, there- 
fore a high-speed writing can be performed without 
causing the track deviation. 

[0063] The disc-type determining device is used for 
detenminlng a maker or a media type of the optical disc. 
Therefore, the writing can be perfomned with an opti- 
mum writing speed for each maker or the media type of 
the optical disc. 

[0064] The first table stores the writing modes where- 
in for each writing mode, when the zone positions are 
not set, the writing is performed with a single writing 
speed, and when the zone positions are set, the writing 
to each zone is performed with the writing speed corre- 
sponding to each zone. When the zones are not set in 
the writing mode set by the writing mode setting device, 
the CLV controlling device controls the servo driving de- 
vice so that the data writing is perfomried by the CLV 
manner with the single writing speed to the optical disc; 
and when the zones are set In the writing mode set by 
the writing mode setting device, the CLV controlling de- 
vice detemiines the zones according to the zone posi- 
tions detected by the position detecting device and then 
controls the servo driving device so that the data writing 
is perfomried to each zone by the CLV manner with the 
writing speed set for each zone. When the zones are 
not set in the writing mode set by the writing mode set- 



ting device, the deviation detecting devk:e detects the 
servo signal deviation of the servo driving devtoe with 
the single writing speed; and when the zones are set in 
the writing mode set by the writing mode setting device, 
5 the deviation detecting devk:e detects the servo signal 
deviation of the servo driving device with the writing 
speed set for each zone. Therefore, the CLV writing can 
be also perfonmed if the zones are not set on the optical 
disc. 

10 [0065] The first speed reducing device reduces the 
writing speed by a predetermined level according to the 
level of the servo signal deviation. Therefore, by reduc- 
ing the writing speed by a predetermined level according 
to the level of the servo signal deviation, a high speed 

IS writing can be perfomned without causing the servo de- 
viation. 

[0066] The above optical disc apparatus can further 
comprise a power controlling device for controlling a 
writing power of a beam emitted from an optical pick-up 

^ according to the reduced writing speed. Therefore, the 
writing can be perfomned with an optimum writing power 
corresponding to the writing speed. 
[0067] The above optical disc apparatus further com- 
prises an OPC executing device for executing an OPC 

2s operation with a predetermined writing speed before the 
deviation detecting device starts to detect; an OPC de- 
termining device for determining whether the OPC op- 
eration completed normally; an OPC re-executing de- 
vice for re-executing the OPC operation by the OPC ex- 

30 ecuting with a writing speed reduced by the predeter- 
mined writing speed, when the OPC operation did not 
complete normally; a second speed reducing device for 
replacing the writing speed that is set by the writing 
mode setting device by a writing speed when the servo 

35 signal deviation is detected by the deviation detecting 
device to therefore set a writing speed during the OPC 
operation such that the OPC operation Is detennined to 
be completed normally, when the OPC operation is re- 
executed. Therefore, even if the optical disc is bad in 

^o quality, the servo follow can be examined without caus- 
ing the servo deviation because the writing speed at 
which the optical disc can rotate with a highest speed to 
finish the OPC operation at the innermost circumference 
and the servo follow of the disc surface is checked. 

43 [0068] The optical disc apparatus further comprises a 
light receiving element for receiving a reflection beam 
reflected by the optbal disc; and a tracking error signal 
generating device for generating a tracking error signal 
used for detecting a tracking error of the optical disc from 

50 the light receiving element, wherein the deviation de- 
tecting device uses the tracking error signal to detect 
the servo signal deviation of the servo driving device. 
Therefore, the servo follow can be examined by exam- 
ining the servo signal deviation In the tracking direction. 

55 [0069] The above optical disc apparatus can further 
comprise a light receiving element for receiving a reflec- 
tion beam reflected by the optical disc; a focusing error 
signal generating device for generating a focusing error 
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signal used for detecting a focusing error of the optical 
disc from the light receiving element, wherein the devi- 
ation detecting device uses the focusing error signal to 
detect the servo signal deviation of the servo driving de- 
vice. Therefore, the servo follow can be examined by s 
examining the servo signal deviation in the focusing di- 
rection. 

[0070] The optical disc apparatus further comprises a 
light receiving element for receiving a reflection beam 
reflected by the optical disc; a tracking error signal gen- 
erating device for generating a tracking error signal used 
for detecting a tracking error of the optical disc from the 
light receiving element; and a focusing en-or signal gen- 
erating device for generating a focusing en^or signal 
used for detecting a focusing en^or of the optical disc 
from the light receiving element, wherein the deviation 
detecting devtee uses the tracking error signal and the 
focusing error signal to detect the servo signal deviation 
of the servo driving device. Therefore, the highly reliable 
servo follow can be examined by examining the servo ^ 
signal deviation in the focusing direction and in the track- 
ing direction. 

[0071] The optical disc apparatus further comprises 
an acknowledging device for outputting a signal to in- 
fomn a fact when the writing speed to control the servo 25 
driving device is reduced by the first speed reducing de- 
vice. Therefore, when the actual writing speed and the 
writing speed expected by the user are different, the in- 
formation can be informed to the user. 
[0072] The invention further provides an infomnation so 
processing apparatus, comprising the optical disc appa- 
ratus of any one of claims 28 to 37 to write data to the 
write-once type or the rewritable optical disc. 
[0073] The invention further provides a writing meth- 
od for an optical disc, wherein a light is emitted from a 35 
light emitting element to write data on a write-once type 
or a rewritable optical disc that is driven to rotate, the 
apparatus comprising: a disc type determining process 
for determining the disc type of the optical disc; a writing 
mode setting devtee such that the writing mode corre- ^ 
spending to a detemnined disc type is read from the sec- 
ond table and the writing mode read from the first table 
is set as a writing mode for writing the optical disc by 
referring to a first table and a second table, wherein the 
first table is used for storing a plurality of writing modes 
corresponding to a plurality of positions of zones (zone 
positions) and writing speeds when a writing is per- 
formed for the zones respectively, wherein a writable re- 
gion of the optical disc Is divided into the zones from an 
inner circumference to an outer circumference; and the so 
second table is used for storing a plurality of disc types 
of the optical disc and the writing modes, each of which 
corresponds to one disc type of the optical disc; a CLV 
controlling process for controlling the servo driving de- 
vice such that according to the set writing mode, a zone S5 
Is determined from the position detected by the position 
detecting device, and then a data writing is perionned 
for the zone with the writing speed set for the zone; a 



deviation detecting process for detecting a servo signal 
deviation of the servo driving device with the writing 
speed set by the writing mode setting device; and a first 
speed reducing process for reducing the writing speed 
by the CLV controlling device when controlling the servo 
driving device according to the detected deviatbn. 
[0074] Accordingly, when the writing is perfonmed to 
the optbal disc, the servo follow can be examined with 
the writing speed for actually performing the writing to 
each zone. Because the variation due to the manufac- 
turing dispersion of the optical disc can be ak>sorbed, 
and the writing speed for each zone is optimized, there- 
fore a high speed writing can be performed without 
causing the track deviation. 

[0075] The disc-type determining process is used for 
detenmining a maker or a media type of the optical disc. 
Therefore, the writing can be perfomned with an opti- 
mum writing speed for each maker or the media type of 
the optcal disc. 

[0076] The first table stores the writing modes where- 
in for each writing mode, when the zone positions are 
not set, the writing is performed with a single writing 
speed, and when the zone positions are set, the writing 
to each zone is performed with the writing speed corre- 
sponding to each zone; wherein when the zones are not 
set in the writing mode set by the writing mode setting 
device, the CLV controlling process controls the servo 
driving process so that the data writing is perionned by 
the CLV manner with the single writing speed to the op- 
tical disc; and when the zones are set in the writing mode 
set by the writing mode setting process, the CLV con- 
trolling process determines the zones according to the 
zone positions detected by the position detecting proc- 
ess and then controls the servo driving process so that 
the data writing is perfonmed to each zone by the CLV 
manner with the writing speed set for each zone; and 
wherein when the zones are not set in the writing mode 
set by the writing mode setting process, the deviation 
detecting process detects the servo signal deviation of 
the servo driving process with the single writing speed; 
and when the zones are set in the writing mode set by 
the writing mode setting process, the deviation detecting 
process detects the servo signal deviation of the servo 
driving process with the writing speed set for each zone. 
Therefore, the CLV writing can be also performed if the 
zones are not set on the optical disc. 
[0077] The first speed reducing process reduces the 
writing speed by a predetermined level according to the 
level of the servo signal deviation. Therefore, by reduc- 
ing the writing speed by a predetermined level according 
to the level of the servo signal deviation, a high speed 
writing can be performed without causing the servo de- 
viation. 

[0078] The method further comprises a power control- 
ling process for controlling a writing power of a beam 
emitted from an optical pick-up according to the reduced 
writing speed. Therefore, the writing can be perfomned 
with an optimum writing power correspondingto the writ- 
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ing speed. 

[0079] The method further comprises an OPC execut- 
ing process for executing an OPC operation with a pre* 
detemnlned writing speed before the deviation detecting 
process starts to detect; an OPC determining process 
for determining whether the OPC operation is nomnaiiy 
complete; an OPC re-executing process for re-execut- 
ing the OPC operation t>y the OPC executing with a writ- 
ing speed reduced by the predetermined writing speed, 
when the OPC operation is not normally complete; a 
second speed reducing process for replacing the writing 
speed that is set by the writing mode setting process by 
a writing speed when the servo signal deviation is de- 
tected by the deviation detecting process to therefore 
set a writing speed during the OPC operation that the 
OPC operation is detennlned to be normally completed, 
when the OPC operation Is re-executed. Therefore, 
even if the optical disc Is bad in quality, the servo follow 
can be examined without causing the servo deviation 
because the writing speed at which the optical disc can 
rotate with a highest speed to finish the OPC operation 
at the innerest circumference aind the servo follow of the 
disc suriace is checked. 

[0080] The method further connprises a light receiving 
process for receiving a reflection beam reflected by the 
optical disc; and a tracking error signal generating proc- 
ess for generating a tracking error signal used for de- 
tecting a tracking en-or of the optical disc from a light 
receiving element, wherein the deviation detecting proc- 
ess uses the tracking error signal to detect the servo 
signal deviation of the servo driving process. Therefore, 
the servo follow can be examined by examining the ser- 
vo signal deviation in the tracking direction. 
[0081] The method further comprises a light receiving 
process for receiving a reflection beam reflected by the 
optical disc; a focusing error signal generating process 
for generating a focusing error signal used for detecting 
a focusing error of the optical disc from a light receiving 
element, wherein the deviation detecting process uses 
the focusing error signal to detect the servo signal de- 
viation of the servo driving process. Therefore, the servo 
follow can be examined by examining the servo signal 
deviation in the focusing direction. 
[0082] The method further comprises a light receiving 
process for receiving a reflection beam reflected by the 
optical disc; and a tracking error signal generating proc- 
ess for generating a tracking error signal used for de- 
tecting a tracking error of the optical disc from a light 
receiving element; a focusing error signal generating 
process for generating a focusing error signal used for 
detecting a focusing error of the optical disc from a light 
receiving element, wherein the deviation detecting proc- 
ess uses the tracking error signal and the focusing enror 
signal to detect the servo signal deviation of the servo 
driving process. Therefore, the highly reliable servo fol- 
low can be examined by examining the servo signal de- 
viation in the focusing direction and in the tracking di- 
rection. 



[0083] The method above further comprises an ac- 
knowledging process for outputting a signal to inform a 
fact when the writing speed to control the servo driving 
process is reduced by the first speed reducing process. 
5 Therefore, when the actual writing speed and the writing 
speed expected by the user are different, the infonma- 
tion can be informed to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0084] While the specifk:ation concludes with claims 
partk:ularly pointing out and distinctly claiming the sub- 
ject matter which is regarded as the invention, the ob- 
jects and features of the invention and further objects, 
features and advantages thereof will be better under- 
stood from the following description taken in connection 
with the accompanying drawings in which: 
[0085] Fig. 1 shows a schematic block diagram ac- 
cording to the first embodiment of the invention; 
[0086] Rg. 2 shows an example for implementing the 
ZCLV writing; 

[0087] Fig. 3 shows an example of a zone dividing ta- 
ble; 

[0088] Fig. 4 is a table showing the writing mode suit- 
able for each disc type according to the first embodiment 
of the invention; 

[0089] Rg. 5 is flow chari showing an operation ac- 
cording to the first embodiment of the Invention 
[0090] Fig. 6 is a table showing the maximum writing 
speed for each disc type according to the first embodi- 
ment of the invention; 

[0091] Fig. 7 is flow chart showing an operation ac- 
cording to the fourth embodiment of the invention; 
[0092] Rg. 8 schematically shows a relatbnship be- 
tween a writing position r and a rotational speed R of the 
spindle motor when the writing speed Increases twice 
from the Innemnost circumference to the outermost cir- 
cumference of the optrcal disc (the recording medium), 
wherein the ZCLV control is used for writing data; 
[0093] Rg. 9 is a flow chart showing an operation of 
the optical disc apparatus according to the fifth embod- 
iment of the invention; 

[0094] Fig. 1 0 is flow chart showing an operation ac- 
cording to the sixth embodiment of the invention; 
[0095] Fig. 11 is flow chart showing an operation ac- 
cording to the seventh embodiment of the invention; 
[0096] Rg. 12 Is flow chart showing an operation ac- 
cording to the eighth embodiment of the Invention; 
[0097] Fig. 1 3 is a graph showing the rotational speed 
of the optical disc when the optical disc apparatus 
records data on the optical disc according to the eighth 
embodiment; 

[0098] Fig. 14 Is a diagram for explaining and com- 
paring various methods of data recordings for a CD 
[0099] Fig. 1 5 shows a block diagram of an exemplary 
circuit for implementing the pause and the restart func- 
tions; 

[01 00] Fig. 1 6 shows a block diagram of an exemplary 
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circuit of a timing detecting circuit; 

[01011 Fig. 17 shows a timing chart of each signal; 

[01 02] Fig. IB shows a table for explaining a process 

executed by the optical disc apparatus; 

[01 03] Fig. 1 9 shows a table for explaining a process 

executed by the optical disc apparatus; 

[01 04] Fig. 20 shows a table for explaining a process 

executed by the optical disc apparatus; 

[0105] Fig. 21 is flow chart for explaining the writing 

operation of the optical disc apparatus: 

[01 06] Fig. 22 shows a table for explaining a process 

executed by the optical disc apparatus; 

[01 07] Fig. 23 shows a table for explaining a process 

executed by the optical disc apparatus; 

[0108] Fig. 24 is a graph for explaining the servo 

check operation; 

[0109] Fig. 25 is a graph for explaining the servo 
check operation; 

[01 1 0] Fig. 26 is a perspective view of a personal com- 
puter with the optical disc apparatus of the invention; 
[0111] Fig. 27 is a flow chart showing an operation ac- 
cording to the tenth embodiment of the Invention; 
[01 1 2] Fig. 28 is a flow chart showing an operation ac- 
cording to the tenth embodiment of the invention; 
[0113] Fig. 29 is a graph for explaining the servo 
check operation according to the eleventh erhbodiment 
of the invention; 

[0114] Fig. 30 is a graph for explaining the servo 
check operation according to the eleventh embodiment 
of the invention; and 

[01 1 5] Fig. 31 a graph for explaining the servo check 
operation according to the twelfth embodiment of the in- 
vention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

« First Embodiment* 

[0116] Fig. 1 shows a schemata block diagram ac- 
cording to the first embodiment of the invention. The op- 
tical disc apparatus in the first embodiment is used for 
writing and/or reproducing infomiation on an optical 
disc, such as the CD-RW. The optical disc 1 is driven to 
rotate by a spindle motor 2. The spindle motor2 is driven 
and controlled by a motor driver 3 such that the optical 
disc 1 is rotated under the CLV or the ZCLV control. 
[01 1 7] A laser diode 5 emits a laser beam from a laser 
source, such as a laser diode. The laser beam is fo- 
cused on a recording surface of the optical disc 1 (the 
recording medium). An actuator is controlled by a servo 
circuit 4 to perform a focusing servo control and a track- 
ing servo control, thereby generating a reproducing sig- 
nal to reproduce data recorded on the optical disc 1 , or 
writing data on the optical disci. 

[0118] When reproducing data, the reproducing sig- 
nal obtained by the optical pick-up 5 is amplified by a 
read amplifier 6 and then digitized to a binary value. 
Thereafter, a deinterleaving process and an error cor- 



recting process are performed by a CD decoder 7. An 
error correcting process is further performed for the data 
from the CD decoder 7 by a CD-ROM decoder 8 for in- 
creasing the data reliability. 

5 [01 19] The data from the CD-ROM decoder 8 is then 
temporally stored in a buffer RAM 10 by a buffer man- 
ager 9. When a sector data in the buffer RAM 1 0 is ready, 
the sector data is entirely transmitted to a host (host 
computer, personal computer) through a host interface 

10 (host l/F) 11 , such as an ATAPI or a SCSI interface. In 
addition, when the data is a music data, the data from 
the CD-decoder 7 Is converted to an analog audio signal 
by a D/A converter. 

[0120] On the other hand, during the data writing, 

15 once the data that is transmitted from the host through 
the host l/F 11, and is stored in the buffer RAM 10 by 
the buffer manager 9, the data writing process starts. 
Before the data writing process, the CPU (central 
processing unit) 1 6 controls each element of the embod- 

20 iment to perfomn a so-called optimum power calibration 
(OPC) at a test writing area, known as a power calibrat- 
ing area (PCA) of the optical disc 1 , and thereby to cal- 
culate and set an optimum writing power. 
[01 21 ] When the data is written to the optical disc, the 

25 writing is perfonmed by a CLV method such that the writ- 
ing linear speed is constant. However, the linear speed 
can be altered by level (or by step) as described below. 
The base linear speed is 1 .2-1 .4 mm/sec and is used 
as a data pattern for writing the EFM (eight-to-fourteen 

30 modulation) pulse to the optical disc so as to perform 
the data writing. The EFM signal modulates an inter- 
leaved eight bit data to a fourteen bit data. In fact, in 
order to increase the writing speed, the writing is per- 
fomied with a linear speed that is an integer time of the 

35 base linear speed (such as 1 X, 2X, 4X, 8X or 1 2X. etc). 
The optical disc apparatus 1 has a plurality of writing 
modes. However, even if the data writing is in process, 
the optfeal disc apparatus can alter its writing speed. 
[01 22] Before writing data, the laser beam spot on the 

40 optical disc 1 Is positioned to a write start position. The 
write start position is obtained according to a ATIP (ab- 
solute time In pre-groove) signal that is a wobble signal 
engraved on the optical disc 1 in advance according the 
wobble of the track (pre-groove) on the optical disc. The 

45 ATIP signal Is a time infomiation showing absolute lo- 
cation numbers on the optical disc 1 , and read from the 
read amplifier 6 by an ATIP decoder. At the same time, 
an ATIP signal error is detected to measure the error 
detecting rate of the ATIP signal. 

50 [0123] In addition, a synchronized signal generated 
by the ATIP decoder 12 is input to the CD encoder 13 
such that data can be written into the proper location. 
When writing data, data is read from the buffer RAM. 
Thereafter, an error correct code is added to the data by 

55 the CD-ROM encoder 14 and the CD encoder 13, or an 
interleaving process is executed for the data. Finally, the 
data is recorded to the optical disc 1 through a lasercon- 
trolling circuit 16 and the optical pick-up 5. The CPU 16 
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serves as a controller for controlling all elements in the 
optical disc apparatus, and reads or writes data from/to 
the memory 1 7. The memory 1 7 can further comprise a 
ROM 1 7a and a RAM 1 7b. The CPU 1 6 and the memory 
1 7 form a microcomputer 5 
[0124] Fig. 2 schematically shows a relationship be- 
tween a writing position r and a rotational speed R of the 
spindle motor when the writing speed increases twice 
from the innermost circumference to the outermost cir- 
cumference of the optical disc (the recording medium), io 
wherein the ZCLV control is used for writing data. The 
rotational speed R of the spindle motor decreases slow- 
ly until a position where the writing speed raises be- 
cause the writing speed must be a constant. Namely, 
the track length passing over the optical pick-up per unit is 
time has to be controlled as a constant. 
[01 25] In the first embodiment, the spiral tracks on the 
optical disc 1 are divided up to three zones to which the 
ZCLV writing or the CLV writing are performed. Fig. 3 
shows an example for a zone dividing table having 5 ^ 
modes. In the writing mode 1 , the tracks on the optbal 
disc 1 are not divided into zones, and the CPU 16 con- 
trols all elements in Fig. 1 to perfomi the CLV writing 
with an 8X writing speed entirely. 
[0126] In mode 2, the tracks on the optical disc 1 are 
divided into two zones. The zone 1 is from the innermost 
circumference to a position t1 at 5 minutes and the zone 
2 is from the position t1 at 6 minutes to the outermost 
circumference. The CPU 1 6 controls all elements to per- 
forni the CLV writing with an BX writing speed at zone 30 
1 . and to perfomi the ZCLV writing with a 12X writing 
speed at zone 2. In mode 3, the tracks on the optical 
disc 1 are divided into three zones. Zone 1 is from the 
innermost circumference to a position t1 at 5 minutes, 
zone 2 is from the position t1 at 5 minutes to a position 35 
t2 at 30 minutes, and zone 3 is from the position t2 at 
30 minute to the outemnost circumference. The CPU 1 6 
controls all elements to perfomi the CLV writing with an 
8X writing speed at zone 1 , with an 20X writing speed 
at zone 2, and to perform the ZCLV writing with a 24X 40 
writing speed at zone 3. 

[0127] In mode 4, the tracks on the optical disc 1 are 
not divided into zones, and the CPU 16 controls all ele- 
ments to perfoiTTi the CLV writing with an 12X writing 
speed entirely. In mode 5, the tracks on the optical disc 
1 are divided into two zones. Zone 1 is from the Inner- 
most circumference to a position t2 at 1 5 minutes and 
zone 2 is from the position t2 at 15 minutes to the out- 
emnost circumference. The CPU 16 controls all ele- 
ments to perform the CLV writing with a 20X writing so 
speed at zone 1 , and to perfomn the ZCLV writing with 
a 24X writing speed at zone 2. The zone dividing table 
In Fig. 3 is stored in the memory 1 7. The CPU 1.6 can 
therefore read the zone dividing time (track dividing po- 
sition) t1 , t2 and the writing speed S1 , S2, S3 for each 55 
mode from the zone dividing table stored in the memory 
17. 

[01 28] Fig. 5 shows a flow chart showing an operation 



according to the eighth embodiment of the invention. 
The CPU 16 controls each element in Fig. 1 to execute 
the operation flow in Fig. 5. As the optical disc 1 is loaded 
to the optical disc apparatus, a read TOC operation is 
performed. Reading the ATIP code in the lead-in area 
on the optical disc 1 , the information, showing such as 
the maker and the media type etc, can be obtained, and 
the CPU 1 6 can determine the type of the optical disc 1 
according to the ATIP code in the ATIP signal. Accord- 
ingly, the CPU 16 can serve as a disc type determining 
devk^e. In the embodiment, the disc type is assumed to 
a phthalo type disc made by "E" company. 
[0129] The memory 1 7 stores in advance a mapping 
map showing writing modes and con^esponding suitable 
disc types, such as the cyanine type disc by "A" compa- 
ny, the phthalo-type disc by "A" company, the cyanine- 
type disc by "C" company the phthalo-type disc by "D" 
company, the phthalo-type disc by "E" company, and the 
phthalo-type disc by "P company. The CPU 16 can 
timely read the mapping table from the memory 1 7. Ac- 
cording to the embodiment, at the design stage, various 
types of discs are written and evaluated for each writing 
mode and therefore find an optimum writing mode for 
each disc type in advance by experiment. According to 
the experimental result, the table in Fig. 4 is made and 
then stored in the memory 1 7. 

[01 30] As described above, a ZCLV mode of mode 3 
is detemnined as a suitable mode for the type (phthalo- 
type disc by "E" company) of the optical disc 1 according 
to the table in Fig. 4. The tracks on the optical disc 1 are 
divided into three zones according to the zone dividing 
times (track dividing positions) and the writing speeds 
of the mode 3 In the zone dividing table stored in the 
memory 1 7, and the ZCLV writing is performed with a 
writing speed for each zone defined by the mode 3. 
[0131] In the above situation, the CLV writing is per- 
fonmed to the zone 1 with an 8X writing speed until the 
position at 5 minutes is reached according the well- 
known technology, such as the disclosure in Japanese 
Laid Open HI 0-1 9990, and then the writing is interrupt- 
ed so that the data continuity Is maintained. Next, the 
CLV speed is set to 20X and the CLV writing is restarted 
In zone 2 until the position at 10 minutes is reached ac- 
cording the technology disclosed in Japanese Laid 
Open HI 0-1 9990 such that the data continuity Is main- 
tained, and then the writing is Inten'upted again so that 
the data continuity is maintained. Finally, the CLV speed 
is set to 24X and the CLV writing is restarted in zone 3 
until the final position is reached according the technol- 
ogy disclosed in Japanese Laid Open HI 0-1 9990 such 
that the data continuity is maintained. 
[0132] According to the first embodiment, there are a 
plurality of writing modes. In the first embodiment, it 
comprises the memory 1 7 used as a zone parameter 
storing device for storing the CLV speed for each zone 
and the dividing times for dividing zones (both as the 
zone parameters) for each mode, and the CPU used as 
the disc type determining device for determining the 
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type of the optical disc 1 . According to the result of the 
disc type determining device, the zone parameters suit- 
able for the type of the optical disc 1 are selected from 
a plurality of zone parameters stored in the zone paranv 
eter storing device, and then the ZCLV writing is per- 
f omied with a writing mode corresponding to the select- 
ed zone parameters. Because the writing speed is op- 
timized, the ZCLV zone regions can be set according to 
the writing power characteristic and the mechanical 
characteristic for each disc type. Therefore, the track de- 
viation will not occur and the writing can be performed 
with a higher speed. 

«Second Embodiment^ 

[0133] Next, the second embodiment of the invention 
is described In detail as follows. The second embodi- 
ment performs a ZCLV writing, which is more elaborate 
than the first embodiment. The CPU 16 controls each 
element in Fig. 1 to execute the following process. As 
the optical disc 1 is inserted to the optical disc appara- 
tus, a ReadTOC operation is performedto read the ATIP 
code in the lead-in area on the optical disci, so that the 
infonmation such as the maker and the disc type etc are 
read. The CPU 1 6 determines the type of the optical disc 
1 according to the ATI P signal (ATIP code) from the ATI P 
decoder 1 2. In the second embodiment, the type of the 
optical disc 1 is assumed to a phthalo-type disc by "A" 
company. Refer to Fig. 6, a table where the maximum 
writing speed for each type of the optical disc 1 is stored 
in the memory 1 7. The CPU 1 6 refers to the table in Fig. 
6 to determine the maximum writing speed for each type 
of the optical disc 1 . 

[01 34] As described above, because the phthalo-type 
disc by company "A" is detennlned as the type of the 
optical disc 1 , the maximum writing speed is restricted 
to 1 2X by referring to the table stored in the memory 1 7 
as shown in Fig. 6. According to the zone dividing table 
In Fig. 3, there are two possible ZCLV writing modes 
having a maximum writing speed: one is mode 2 and 
the other is mode 4. Next, a test writing is perfomied at 
a test area at the innenmost circumference by the OPC 
operation to obtain an optimum writing power. This OPC 
operation Is well known, and the writing power is in- 
creased sequentially and the writing Is performed ac- 
cordingly. The writing portion is read and the portion 
where the optimum writing is performed (the writing 
power) is assigned to the optimum writing power. 
[0135] The writing speed for performing the OPC op- 
eration can be selected as follows. For example, a low 
and stable 8X writing speed for the CLV is selected to 
perfomr» the OPC operation. The reason that the BX writ- 
ing speed Is selected is because the track deviation will 
not occur and the OPC operation can be performed sta- 
bly. According to the OPC result with theSX CLV writing 
speed, an optimum writing power for the 8X CLV writing 
speed can be obtained. Accordingly, the optimum writ- 
ing power for the 12X and 20X writing speeds can be 



deduced. For example, assuming the optimum writing 
power obtained from a linear velocity b is Pv, the opti- 
mum writing power Pw(i) for the linear velocity V(i) can 
be cabulated as follows. 

5 

Pw(i) = a-(V(i)-v) X Pv + c 

[01 36] In the equation above, a and c stand for exper- 
10 Imental values obtained by evaluating each type of the 
optical disc during the design of the optical disc appa- 
ratus. The types of the optical disc are stored in the 
memory 1 7. The CPU 1 6 calculates the optimum writing 
powers Pw{i) for the 12X and 20X writing speeds ac- 
'5 cording to the above equation. The optimum writing 
powers Pw(l) for the 12X and 20X writing speeds are 
adjusted to not exceed the maximum laser power (the 
maximum output power of the laser source of the optical 
pick-up 5). 

. 20 [0137] When the optimum writing powers Pw(i) for the 
1 2X and 20X writing speeds exceed the maximum laser 
power, the CPU 16 restricts the optimum writing powers 
Pw(i)forthe 12X and 20X writing speeds underthe max- 
imum laser power. When tho optimum writing powers 
25 Pw(i) for the 12X writing speed exceed the maximum 
laser power, the CPU 16 restricts the writing speed to 
the 8X writing speed, and selects the writing mode 2 by 
referring to the zone dividing table in Fig. 3. In addition, 
when the optimum writing powers Pw(i) for the 12X writ- 
30 ing speed does not exceed the maximum laser power, 
the CPU 16 selects the writing mode 4 having a faster 
writing speed by refem'ng to the zone dividing table in 
Fig. 3. 

[0138] The writing speed for performing the OPC op- 

35 eratlon can be selected as follows. For example, the 
CLV writing with a maximum 12X writing speed can be 
also performed as follows. According to the result of the 
OPC operation, when the track deviation does not occur 
and the calculated optimum writing power for the 12X 

40 writing speed does not exceed the maximum laser pow- 
er, the CPU 16 determines that the 12X CLV writing is 
possible, and then selects the writing mode 4 having a 
faster writing speed by referring to the zone dividing ta- 
ble in Fig. 3. According to the result of the OPC opera- 

45 tlon, when the track deviation occurs or the calculated 
optimum writing power for the 12X writing speed ex- 
ceeds the maximum laser power, the OPC operation is 
performed again with the 8X CLV writing speed to obtain 
an optimum writing speed by the manner as describe 

50 above. According to the above result, the ZCLV writing 
of mode 2 is selected. 

[0139] According to the second embodiment, there 
are a plurality of writing modes. As In the first embodi- 
ment, it comprises the memory 17 used as a zone pa- 
55 rameter storing device for storing the CLV speed for 
each zone and the dividing times for dividing zones 
(both as the zone parameters) for each mode. The test 
writing is performed at the beginning of the writing. 
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Based on the result of the test writing, one set of zone 
parameters is selected from a plurality of zone param- 
eters stored in the zone parameter storing device, and 
then the ZCLV writing is performed with a writing mode 
corresponding to the selected zone parameters. Be- 5 
cause the writing speed is optimized and the result of 
the test writing performed at the-beginning of the writing 
is used to set the ZCLV zones, the zone parameters of 
the ZCLV can be set such that the unevenness of the 
optical disc apparatus and the optical disc can be con- io 
talned. Therefore, a high-speed writing can be per- 
formed with a high reliability and without causing the 
tracic deviation. 

•Third Embodiment* is 

[0140] Next, the third embodiment of the Invention is 
described In detail as follows. The third embodiment 
performs a ZCLV writing, which is more elaborate than 
the second embodiment. The CPU 1 6 controls each el- 
ement in Fig. 1 to execute the following process. As the 
optical disc 1 is inserted to the optical disc apparatus, a 
Read TOC operation is performed to read the ATIP code 
in the tead-in area on the optical disci, so that the infor- 
mation such as the maker and the disc type etc are read, 
The CPU 16 determines the type of the optical disc 1 
according to the ATIP signal (ATIP code) from the ATIP 
decoder 12. In the second embodiment, the type of the 
optical disc 1 is assumed to a phthalo-type disc by "A" 
company Referring to Fig. 6, a table where the maxi- so 
mum writing speed for each type of the optical disc 1 is 
stored In the memory 1 7. The CPU 1 6 refers to the table 
in Fig. 6 to determine the maximum writing speed for 
each type of the optical disc 1 . 

[0141] As described above, because the phthalo-type 35 
disc by company "A" is determined as the type of the 
optical disc 1 , the maximum writing speed is restricted 
to 12X by refening to the table stored in the memory 17 
as shown in Fig. 6. According to the zone dividing table 
in Fig. 3, there are two possible ZCLV writing modes 40 
having a maximum writing speed: one is mode 2 and 
the other is mode 4. Next, a test writing is perfomied at 
a test area at the innermost circumference with an 8X 
CLV writing speed by the CPC operation to obtain an 
optimum writing power. 45 
[0142] According to the OPC result with the 8X CLV 
writing speed, an optimum writing power for the 8X CLV 
writing speed can be obtained. Accordingly, the opti- 
mum writing power for the 12X and 20X writing speeds 
can be deduced. The CPU 16 calculates the optimum so 
writing powers Pw(i) for the 1 2X and 20X writing speeds. 
The optimum writing powers Pw(i) for the 12X and 20X 
writing speeds are adjusted to not exceed the maximum 
laser power. 

[01 43] When the optimum writing powers Pw(i) for the ss 
1 2X and 20X writing speeds exceed the maximum laser 
power, the CPU 1 6 restricts the optimum writing powers 
Pw(i) for the 1 2X and 20X writing speeds under the max- 



imum laser power. When the optimum writing powers 
Pw(i) for the 12X writing speed exceed the maximum 
laser power, the CPU 16 restricts the writing speed to 
the 8X writing speed, and selects writing mode 2 by re- 
ferring to the zone dividing table in Fig. 3. 
[01 44] When the optimum writing powers Pw(i) for the 
12X writing speed exceed the maximum laser power, 
each area in the zone 1 on the optical disc 1 is accessed 
with a 12X CLV writing speed to examine whether any 
access error occurs or not. When the access error oc- 
curs, the CPU 16 determines that the servo follow for 
the 12X CLV writing is bad, and the minimum possible 
writing speed is reduced to an 8X CLV writing speed. 
Accordingly, the writing mode 2 is selected by referring 
to the zone dividing table in Fig. 3. In additlon, when no 
access error occurs, the CPU 16 detemiines that the 
servo follow for the 12X CLV writing is good, and the 
writing mode 4 is selected by referring to the zone divid- 
ing table in Fig. 3. 

[01 45] In the third embodiment, because the servo fol- 
low due to the access error is checked, the servo signals 
are actually monitored to detemnlne whether the servo 
follow is bad or not. Namely, a device for detecting the 
deviation of the servo signal monitors the focusing error 
signal and the traclcing en^or signal from the servo circuit 
4 to determine that the servo follow is bad if the magni- 
tudes of the servo signals are above a predetermined 
value. The device for detecting the deviation of the servo 
signal can be a servo signal monitoring unit included 
within the servo circuit 4. The CPU can timely monitor 
the output signal of the servo signal monitoring unit to 
examine whether any access error occurs or not. 
[0146] According to the third embodiment, there are 
a plurality of writing modes. As in the first embodiment, 
it comprises the memory 1 7 used as a zone parameter 
storing device for storing the CLV speed for each zone 
and the dividing times for dividing zones (both as the 
zone parameters) for each mode. Before the writing, the 
optical disc 1 is accessed and based on the accessed 
result, one set of zone parameters Is selected from a 
plurality of zone parameters stored In the zone param- 
eter storing device, and then the ZCLV writing is per- 
formed with a writing mode corresponding to the select- 
ed zone parameters. Because the writing speed is op- 
timized and the access test Is performed before writing 
to examine the servo disturbance, a high-speed writing 
can be performed with a high reliability and without 
causing the track disturbance. 

[0147] According to the third embodiment, there are 
a plurality of writing modes. As In the first embodiment, 
it comprises the memory 17 used as a zone parameter 
storing devrce for storing the CLV speed for each zone 
and the dividing times for dividing zones (both as the 
zone parameters) for each mode, and the device for de- 
tecting the deviation of the servo signal. According to 
the detected result, one set of zone parameters is se- 
lected from a plurality of zone parameters stored in the 
zone parameter storing device, and then the ZCLV writ- 
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Ing is performed with a writing mode corresponding to 
the selected zone parameters. Because the writing 
speed is optimized and the access test is pert omied be- 
fore writing to examine the servo disturtDance, a high- 
speed writing can be performed with a high reliability 
and without causing the track disturbance. 

« Fourth Embodiment* 

[0148] Next, the fourth embodiment of the invention 
Is described in detail as follows. The fourth embodiment 
Is an example of an infomnation processing apparatus 
composed of the optical disc apparatus in the third em- 
bodiment and a personal computer. The personal com- 
puter severs as a host for writing data to the optical disc 
1 by a write software. In the embodiment, the informa- 
tion processing apparatus composed of the optical disc 
apparatus in the third embodiment and the host above 
performs the following ZCLV writing. Fig. 7 is a flow chart 
showing an operation according to the eighth emt)odi- 
ment of the invention. The CPU 1 6 controls all elements 
in Fig. 1 to execute the operation in Fig. 7. 
[0149] As the optical disc 1 is inserted to the optical 
disc apparatus, a Road TOC operation is perfomned to 
read the ATIP code in the lead-in area on the optical 
disci, so that the Information such as the maker and the 
disc type etc are read. The CPU 1 6 detemnines the type 
of the optical disc 1 according to the ATIP signal (ATIP 
code) from the ATIP decoder 12. In the second embod- 
iment, the type of the optical disc 1 is assumed to a 
phthalo-type disc by "E" company. 
[0150] The CPU 16 refers to the table stored in the 
memory 17, in which the maximum writing speed for 
each type of the optical disc 1 is stored, to determine a 
maximum writing speed corresponding to the above se- 
lected type of the optical disc 1 (the phthalo-type disc 
by "E" company), and then this maximum writing speed 
is returned to the host (or the write software). The host 
can use the write software to inquire the user about the 
writing speed of the optical disc 1 via a dialogue box. for 
example. At this time, the host can display a message 
by the write software that a writing speed larger than the 
maximum writing speed informed by the CPU 1 6 cannot 
be set (cannot be selected). Alternatively, if all writing 
speeds are displayed and when a writing speed larger 
than the maximum writing speed informed by the CPU 
16 is selected, the host will display a message that the 
writing speed Is restricted to the maximum writing speed 
informed by the CPU 16. Therefore, the writing speed 
selected by the user is changed to the maximum writing 
speed infonned by the CPU. 

[0151] Next, just before the writing is started, the host 
uses the write sofhvare to activate the speed control for 
the optimum writing speed and then Informs the user 
with a message that the actual writing speed may be 
lower than the writing speed selected by the user. The 
host sets the writing speed selected by the user as the 
writing speed of the data writing. The data is then trans- 



mitted to the host interface 11 (referring to Fig. 1 ) of the 
optical disc apparatus with a data transfer rate conre- 
sponding to the writing speed that is set above. The data 
transfer rate during the data writing Is measured. Ac- 

5 cording to the measured result, the writing speed during 
the data writing or an average writing speed is cateulat- 
ed constantly and displayed to the user. When the data 
writing is finished, the host uses the write software to 
cabulate an average value, a maximum value and a 

10 minimum value of the writing speed, and then the host 
displays the calculated result as a report to the user, 
which can be a reference for selecting the writing speed 
next time. 

[01 52] In addition, the optical disc apparatus possess- 
is es a function to tum on or tum off the optimum writing 
speed control mentioned above. The function can turn 
on or tum off the optimum writing speed control accord- 
ing to commands (vendor unique commands, such as 
the mode select) transmitted by the write software from 
^ the host. The host can set the optimum writing speed 
control to OM/OFF from a setting menu of the write soft- 
ware. When the optimum writing speed control is turned 
on, the CPU 16 perfonms the operation mentioned 
above, and when the optimum writing speed control is 
2S tumed off, the CPU 1 6 perfomns a ZCLV writing with a 
predetermined writing speed that is irrelevant to the type 
of the optical disc 1 . 

[0153] According to the fourth embodiment, the opti- 
cal disc apparatus has a function for informing the host 

30 or the write software of the optimized writing speed (the 
maximum writing speed). The host or the write software 
uses the infonned optimum writing speed to display a 
user message that to set the writing speed higher than 
the informed optimum writing speed is Impossible, or to 

35 display that the writing speed is changed to the informed 
optimum writing speed and the data writing will be per- 
fomned with the optimum writing speed limitation when 
the writing speed higher than informed optimum writing 
speed is selected. Therefore, the user can be notk:ed 

40 that the writing speed selected by the user is different 
from the actual writing speed. 

[0154] In addition, according to the fourth embodi- 
ment, the host or the write software has a function to 
measure the data transmitting rate during the data writ- 

45 ing. Because the writing speed and the average writing 
speed during the data writing, or the average writing 
speed, the maximum writing speed and the minimum 
writing speed after the data writing is finished, can be 
reported to the user, the user can know the actual writing 

50 speed and the time when the data writing is finished. 
[01 55] . In addition, the fourth embodiment has a func- 
tion to activate or deactivate the optimizing control of 
the writing speed. Because the host or the write software 
can optionally activate or deactivate the optimizing con- 

55 trol of the writing speed, the user can know the actual 
writing speed and the time when the data writing is fin- 
ished. 
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•Fifth Embodiment » 

[01 56] At the writing position where the writing speed 
rises, the rotational speed of the spindle motor under 
the writing speed rising at tiie above writing position can 
be detemnined as the same as a rotational speed of the 
spindle motor when the data is written to the innermost 
circumference of the optical disc. Therefore, when the 
writing speed at the inner circumference of the recording 
medium rises, the spindle motor has to rotate at a high 
speed and a particular design for such a high-speed ro- 
tational speed is required. Additionally as the writing po- 
sition where the writing speed rises moves to the outer 
circumference of the optical disc, the spindle motor ro- 
tates at a speed slowerthan the writing speed when data 
is recorded on the innermost circumference of the opti- 
cal disc, and therefore merits of high-speed recording is 
reduced. 

[01 57] Assuming that the rotational speed of the spin- 
dle motor 2 is R (rpm) and the distance of the writing 
position from the center of the optical disc 1 is r (mm), 
the linear velocity at the writing F)osition can be ex- 
pressed as the following equation in which n is the cir- 
cumference ratio. 

V = 2 X 7c X (r/1000) X (R/60) 

[0158] For the CLV control, the linear veioclty V is a 
constant. As the writing position is moved to the outer 
circumference of the optical disc 1 , the distance r gets 
larger and the rotational speed R becomes smaller. The 
writing speed is a constant because the writing speed 
only depends on the linear velocity. 
[0159] Assuming the maximum of the rotational 
speed R is Rmax and the the writing position at the in- 
nerest circumference is r1 , the linear velocity VI is ex- 
pressed below. 

V1 = 2 X 7c X (r1/1000) X {Rmax/60) 

[0160] At the outer circumference of the optical disc 
1 , because the rotational speed R of the spindle motor 
2 becomes slow, the margin for the spindle motor 2 is 
strll enough, if the writing speed Is accelerated to a high 
speed from certain position r2 of the optical disc 1, the 
corresponding linear veioclty v2 can be expressed as 
the equation below. 

V2 = 2 X 7c X (r2/1000) X (Rmax/60) 

Accordingly, because r1 < r2, v1 < v2. 
[0161] In order to control the linear velocity v 2 to be 
a constant, because the rotational speed R of the spin- 
dle motor 2 becomes small when data is recorded on an 
outer circumference out of the position r2, the writing 



process can be performed at the writing speed V2 when 
data is recorded on the outer circumference out of the 
position r2 until the rotational speed R of the spindle mo- 
tor 2 reaches its maximum Rmax. Similarly, if the writing 
5 speed is accelerated to a high speed from certain posi- 
tion rS at the outer circumference of the optical disc 1 , 
the corresponding linear velocity V3 can be expressed 
as the equation below. 

10 

V3 = 2 X n X (r3/1000) x (Rmax/60) 

Accordingly, because r2 < r3, V2 < V3. The writing speed 
can be increased. 

IS [01 62] The writing is intenupted at the position where 
the writing speed raises. When the data is recorded by 
a format (such as an IS09660 format) capable of ran- 
domly cutting the track at a mastering time point, by 
mastering such that the track is ended at the predeler- 

^ mined position, the position can be used as a joint of the 
tracks, and therefore the writing can be interrupted. Ad- 
ditionally, If a technology, such as the JustLink in prac- 
tical use, is used, once the writing is interrupted at a ran- 
dom position on the optical disc 1 , it is possible to vary 

25 the writing speed to restart the writing process. When 
writing a packet, because the size of the packet is very 
small In comparison with the total writing capacity of the 
optical disc, the writing of the packet is ended almost at 
the position where the writing speed raises, and there- 

30 fore the writing process can be interrupted. 

[0163] However, according to the invention, to in- 
crease the writing speed is not only to match the Rmax. 
When it determines that problenns do not occur in the 
writing quality if the writing speed is increased prior to 

35 the predetennined speed raising position, the writing 
speed can be then Increased prior to the predetermined 
speed raising position. In contrast, when it detemiines 
.that problems occur in the writing quality if the writing 
speed is increased at the predetermined speed raising 

^0 position, the writing speed Is then increased behind the 
_ predetermined speed raising position. In addition, when 
~ it detemnines that problems occur in the writing quality 
if the current writing speed Is maintained to write, then 
the writing speed Is lowered. 

45 [0164] Rg. 9 is a flow chart showing an operation of 
the optical disc apparatus according to the fifth embod- 
iment of the invention. In the embodiment, the ATIP sig- 
nal (the ATIP information) is used as a criterion for de- 
termining a position of the optical disc where the rota- 

50 tional speed is Increased or reduced. The ATIP informa- 
tion is an address information recorded on a blank op- 
tical disc in advance, but also contains information with 
a certain ratio about the maker of the opttoal disc. Name- 
ly, the characteristic of the optical disc can be under- 

55 stood by reading the ATIP information. During the stage 
of design of the optical disc apparatus, the optimum po- 
sition where the rotational speed is increased or re- 
duced is determined by evaluating in advance the ATIP 
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information of the optical disc, and the writing speed can 
be controlled to meet both the stable writing and the 
high-speed recording. 

[0165] As show in Fig. 3 and referring to Fig. 1, the 
CPU 1 6 gets the ATIP irifomiation from the ATIP decod- 5 
er 12. According to the ATIP infomr>ation, the optimum 
speed increasing position and the speed reducing posi- 
tion are evaluated. After the predetermined speed rais- 
ing position and speed lowering position (speed change 
position) is corrected to a speed change position where 
the speed is increased and there is no problem in the 
writing quality, the elements in Fig. 1 are then controlled 
to start writing to an initial zone on the optical disc 1 , as 
described above. 

[0166] When the writing position (writing address) on 
the optical disc 1 does not reach the speed change ad- 
dress above, the CPU 1 6 lets the writing process con- 
tinue. The writing process is interrupted each time when 
the writing position (writing address) on the optical disc 
1 reaches the speed change address above. The rota- 
tional speed of the spindle motor 2 is changed to the 
predetennined speed by the motor driver 3 such that the 
writing to the next zone is started. 
[01 67] As described above, according to the fifth enn- 
bodiment, because the CPU 1 6 is used as a device for 
changing the position where the writing speed to the op- 
tical disc 1 is changed according to the characteristic of 
the optical disc for writing data, both the stable writing 
and the high-speed writing can be obtained by the char- 
acteristic of the optical disc. 

[0168] In addition, according to the fifth embodiment, 
because the CPU 16 determines the position where 
makes the writing speed to the optical disc 1 change 
from the ATTP information recorded in advance on the 
optical disc 1 , the position where makes the writing 
speed change can be changed, by which both the stable 
writing and the high-speed writing can be obtained ac- 
cording to the characteristic of the optical disc. 

<(Sixth Embodiment* 

[0169] Fig. 10 is flow chart showing an operation ac- 
cording to the sixth embodiment of the invention. In the 
second embodiment, the operation flow pertonned in 
Fig. 4 replaces the operation flow in Fig. 9 of the fifth 
ennbodlment. Namely, first, when recording, the CPU 1 6 
controls each element of the optical disc apparatus and 
perfonns the writing process to the optical disc 1 , by 
which the servo status is monitored to determine the 
characteristic of the optical disc 1 . 
[0170] Referring to Fig. 1 0 as well as Fig. 1 , the CPU 
16 uses a focusing error signal and a tracking error sig- 
nal from the servo circuit 4 for showing the servo status. 
The CPU 16 monitors the status of the focusing error 
signal and the tracking error signal. If any one of the 
amplitudes of the focusing error signal and the tracking 
error signal is below a threshold value, the CPU 1 6 de- 
termines that the servo status is good and keeps the 



writing process to be executed continuously. If any one 
of the amplitudes of the focusing error signal and the 
tracking error signal is above the threshold value, the 
CPU 1 6 determines that the servo status is bad and in- 
terrupts the writing process. The rotational speed of the 
spindle motor 2 is then changed by the motor driver 3 
to the predetemiined speed (to tower the rotational 
speed). Therefore, the sen/o stability can be nnaintained 
to start the writing to the next zone. 
[0171] According to the sixth embodiment, the posi- 
tion on the optical disc 1 where the writing speed is made 
to change is detemnined by monitoring the servo status 
of the optical disc 1 . By monitoring the servo status to 
obtain the characteristic of the optical disc 1 , the CPU 
16 can change the position where the writing speed is 
made to change such, that both the stable writing and 
the high-speed writing can be satisfied. 

-Seventh Embodiment^ 

[0172] Rg. 11 is flow chart showing an operation ac- 
cording to the seventh embodiment of the invention. In 
the seventh embodiment, the operation fk>w performed 
in Fig. 11 replaces the operation flow in Fig. 9 ofthe fifth 
embodiment. The CPU 1 6 determines the characteristto 
of the optical disc 1 by a capacity of the optical disc 1 . 
For example, a CD-R disc usually has a writing area (ca- 
pacity) of 74 minutes. However, recently, because the 
tracks of the disc are arranged with a track pitch near a 
minimum value defined by the specification, there exists 
a CD-R disc with a writing area (capacity) of 80 minutes 
or above. As compared with a conventional CD-R hav- 
ing a writing area of 74 minutes, even though at the 
same address, this address on the CD-R with a writing 
area (capacity) of 80 minutes or above is located at the 
inner circumference. Namely, the spindle motor has to 
rotate the CD-R with a writing area (capacity) of 80 min- 
utes or above with a higher speed, and therefore the 
stable writing is impossible. Accordingly, by changing 
the speed raising position or the speed towering position 
according to the disc capacity, the assumed rotational 
speed of the spindle motor can be maintained. 
[0173] As shown in Fig. 11, when writing, the CPU 16 
gets the writing capacity of the optical disc 1 according 
to the reproducing signal from the read amplifier 6. 
Based on the capacity, the position where the optimum 
writing speed is raised or lowered is evaluated. After the 
predetenmined speed raising position and speed lower- 
ing position (speed change position) is corrected to a 
speed change position where the speed is increased 
with no problem In the writing quality, the elements in 
Rg. 1 are then controlled to perform the writing to the 
zones on the optical disc. The CPU 16 sets the speed 
change address to the above corrected speed change 
address. 

[01 74] According to the seventh embodiment, the po- 
sition on the optical disc 1 where the writing speed is 
made to change is determined by the capacity of the 
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optical disc 1 . By the capacity of the optbal disc 1 to 
obtain the characteristic of the optical disc 1, the CPU 
16 can change the position where the writing speed is 
made to change such that both the stable writing and 
the high-speed writing can be satisfied. 

« Eighth Embodiment* 

[01 75] Next, the eighth embodiment according to the 
invention is described In detail as follows. In the eighth 
embodiment, several differences from the fifth ennbodi- 
ment are described as follows. In the eight embodiment, 
instead of the zone parameters that are stored in ad- 
vance in the memory device in the writing method men- 
tioned above, optimum zone parameters for the optical 
disc are generated to record data on the optical disc. 
[0176] For the ZCLV writing technology, the writing 
continuity at any position can be ensured, and as the 
data writing is intermpled, the writing can be restarted. 
A method is provided to perform the ZCLV writing by 
raising the CLV velocity when the writing is restarted. 
However, the method for determining the zone for opti- 
mizing the writing for various types of optical discs and 
the method for determining the writing speed for each 
zone, for exampie, are not proposed. In the eighth em- 
bodiment, by the methods mentioned above and ran- 
domly changing positions where the CLV velocity raises, 
the writing can be performed to meet both the stable 
writing and the high-speed recording. 
[0177] For an optical disc with an eccentricity and a 
burred surface, the eccentric component causes a vi- 
bration in the radial direction and the tracking is affected, 
while the burred suriace causes a vibration in the axial 
direction and the focusing is affected. Therefore, it re- 
quires a higher response to follow the vibrations. To fol- 
low becomes impossible because of the large eccentric- 
ity and the large burred surface. 

[0178] When the optical disc is rotated at a high 
speed, the vibration due to the eccentricity or the burred 
surface of the optical disc also vibrates fast with a speed 
proportional to the rotational speed. As a result, the fo- 
cusing servo system and the traclcing servo system 
have to respond with a high speed, too. Assuming the 
focusing servo system and the tracking servo system 
have no failures, if the optical disc is rotated fast with a 
number of rotations above a certain value, the writing 
cannot be performed. However, In order to record with 
a high speed. It requires the optical disc to rotate fast. 
[0179] As described above, there is unevenness In 
the optical disc apparatus or on the optical disc. Be- 
cause various types of optical discs are loaded into the 
optical disc apparatus, the upper limit of the rotational 
speed of the optical disc becomes different. In the em- 
bodiment, even though there are different upper limits 
of the rotational speed, the settings of the zone switch- 
ing time and the CLV velocity for each zone can be al- 
tered in real time. 

[01 80] If the focusing and the tracking cannot be fol- 



lowed, the writing cannot be performed accordingly. In 
the situation, it is necessary to decrease the writing 
speed to record with status having a servo margin. How- 
ever, this is contrary to the requirement of the high speed 

5 recording. To solve this issue, the servo status of the 
optical disc to be recorded is monitored. When the servo 
status is good, the position where the speed for the 
ZCLV control is switched is forward (change the position 
to the inner circumference) such that the writing is per- 

10 formed at a higher speed. On the contrary, when the ser- 
vo status is bad, the position where the speed for the 
ZCLV control is switched Is backward (change the posi- 
tion to the outer circumference) such that the servo sta- 
tus will not fail. 

IS [0181] A technology, known as the running OPC 
(ROPC, running optimum power calibration), is used for 
writing data on the optical disc. When the ROPC is not 
perfonmed. the writing power for the optical disc is con- 
stant, which is the writing power obtained by the OPC 
at the beginning of the recording. When the ROPC Is 
performed, the writing power is varied in response to the 
variation of the writing sensitivity of the optical disc such 
that the writing can be always made with an optinrium 
writing power. For an optical disc with a large variation 
of the writing sensitivity, the writing power becomes 
large when the ROPC is perfomied as well as the writing 
is perfomned. Therefore, the writing power reaches the 
limit of the emitting power of the laser source of the op- 
tical pick-up. In this situation, if the writing is perfomned 
with current writing speed without change, there exists 
a difference between the writing power required for writ- 
ing data on the optical disc and the actual writing power. 
Therefore, the writing quality to the optical disc is de- 
graded. However, according to the eighth embodiment, 
the CPU 16 controls each element to perform the OPC. 
When the writing power reaches the limit of the emitting 
power of the laser source, the writing speed is reduced 
to continue the recording. Therefore, the writing can be 
perfomned and a good writing quality can be maintained. 
[01 82] Fig. 1 2 Is flow chart showing an operation ac- 
cording to the eighth embodiment of the invention. Re- 
ferring to Fig. 12 and Fig. 1, when writing data on the 
optical disc 1 , the CPU 16 perfomns the OPC above to 
the optical disc 1 before recording. If the OPC is failed, 
the CPU detenmines whether the focusing servo status 
and the tracking servo status are bad according to the 
focusing error signal and the tracking error signal from 
the servo circuit 4, and determines whether the writing 
power is too large by determining the emitting power of 
the laser source of the optical pick-up 5 according to the 
output signal from the read amplifier 6. 
[0183] In the case that the OPC fails, if any one of the 
focusing servo status and the tracking servo status is 
good and the emitting power of the laser source is not 
too large, the CPU determines an OPC error. In addition, 
when any one of or both of the focusing servo status 
and the tracking sen^o status are bad, or if the emitting 
power of the laser source is too large, the CPU 1 6 solves 
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this problem by reducing the writing speed, and there- 
fore the rotational speed of the spindle motor 2 is re- 
duced one level by the motor driver 3 such that the writ- 
ing speed is reduced one level and the OPC is restarted. 
[01841 If the OPC Is a success, the CPU 16 then 5 
records data on the optical disc 1 as described above. 
At this time, the CPU 1 6 monitors constantly the focus- 
ing servo status and the tracking servo status by moni- 
toring the focusing error signal and the tracking en-or 
signal from the servo circuit 4, and monitors the emitting io 
power of the laser source by monitoring the output signal 
of the read amplifier 6. Any one of or both of the focusing 
servo status and the tracking sers^o status are better 
than the predetemnined levels, the CPU 16 then deter- 
mines whether the writing speed can be further raised is 
or not. When any one of or both of the focusing servo 
status and the tracking servo status are better than the 
predetermined levels and the writing speed is the max- 
imum writing speed, the current time point is then used 
as a zone dividing time. Based on the dividing time, zone ^ 
parameters (the dividing time for dividing the zone and 
the CLV velocity for each zone) are generated to move 
to a next zone in the ZCLV manner from that time point. 
According to the zone parameters, the rotational speed 
of the spindle motor 2 is raised one level by the motor 2s 
driver 3 such that the writing speed is raised one level 
accordingly to continue the ZCLV writing with a writing 
mode con*esponding to the zone parameters. There- 
fore, the writing speed is optimized. 

[0185] The predetermined levels mentioned above 30 

mean that even though the writing speed is raised one 
level, status where no failure in the focusing servo and 
the tracking servo can be determined, and the levels can 
be measured by the amplitudes of the focusing en^orsig- * 
nal and the tracking error signal. The focusing servo sta- 35 
tus and the tracking servo status when the writing speed 
is raised one level can be deduced from the focusing 
servo status and the tracking servo status at the current 
rotational speed of the optical disc. This can be made 
during the design stage of the optical disc apparatus. 40 
During the design, the relationship among the ampli- 
tudes and the predetemnined levels of the focusing error 
signal and the tracking error signal can be found, and 
then the predetemnined levels can be stored in the mem- 
ory. Therefore, to determine whether the focusing servo ^ 
status and the tracking servo status are 
better than the predetemnined levels becomes possible. 
[0186] In additbn, the CPU 16 determines whether 
any one or both of the focusing servo status and the 
tracking servo status are worse than the predetermined so 
levels. When any one or both of the focusing servo sta- 
tus and the tracking servo status are worse than the pre- 
determined levels and the writing continuously pro- 
ceeds without any change, because of the focusing ser- 
vo deviation, the tracking servo is drifted and the writing ss 
quality degradation can be predicted, and therefore the 
current time point is then used as a zone dividing time. 
Based on the dividing time, zone parameters are gen- 



erated to move to a next zone in the ZCLV manner from 
that time point. According to the zone parameters, the 
rotational speed of the spindle motor 2 is lowered one 
level by the motor driver 3 such that the writing speed 
is lowered one level accordingly to continue the ZCLV 
writing with a writing mode corresponding to the zone 
parameters. Therefore, the writing speed is optimized. 
[0187] In addition, the CPU 16 detemriines whether 
the emitting power of the laser reaches a limit (a lower 
limit) according to the output signal from the read am- 
plifier 6. When the emitting power of the laser reaches 
the lower limit, because the insufficient writing power 
and the degraded writing quality can be predicted, there- 
fore the current time point is then used as a zone dividing 
time. Based on the dividing time, zone parameters are 
generated to move to a next zone in the ZCLV manner 
from that time point. According to the zone parameters, 
the rotational speed of the spindle motor 2 is lowered 
one level by the motor driver 3 such that the wriling 
speed is lowered one level accordingly to continue the 
ZCLV writing with a writing mode corresponding to the 
zone parameters. Therefore, the writing speed is opti- 
mized. 

[01 88] Fig. 1 3 is a graph showing the rotational speed 
of the optical disc when the optical disc apparatus 
records data on the optical disc according to the eighth 
embodiment. In Fig. 13, the dashed lines show the ro- 
tational speeds of the optical disc when the optbal disc 
is rotated under a variety of writing speeds at addresses 
on the optical disc. In addition, the thick lines show a 
variation of the rotational speed of the optical disc when 
the servo limit is assumed only dependent on the optical 
disc and the rotational speed is 6500rpm. The thin lines 
show a variation of the rotational speed of the optical 
disc when data Is recorded on the optical disc in the 
ZCLV manner with a 1 2X writing speed at the beginning, 
a 1 6X writing speed at 1 0 minutes, a 20X writing speed 
at 25 minutes, a 24X writing speed at 45 minutes. 
[01 89] Regarding the writing methods in previous em- 
bodiments, the zone switching time can be only selected 
from several choices. However, in the eighth embodi- 
ment, the zone switching time is detemnined by the ser- 
vo status and the emitting power of the laser source. As 
shown in Fig. 13, for example, if the upper limit of the 
rotational speed of the optical disc Is 6500rpm and the 
optical disc is In a good servo status, a high-speed writ- 
ing can be performed only without exceeding the upper 
limit of the rotational speed, and therefore the writing 
time can be reduced. 

[0190] In the eighth embodiment, the focusing error 
signal is used in order to catch the servo status. When 
the focus of the laser beam is beyond the writing suriaco 
of the optical disc with a deviation, a difference voltage 
from a reference voltage, which is proportional to the 
deviation, is generated as the focusing enror signal, 
wherein the reference voltage is defined according to 
that the focus of the laser beam from the laser source 
for recording/reproducing falls on the recording surface 
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of the optical disc. Namely, when the amplitude of the 
focusing error signal is large, the status of the focusing 
servo follow becomes worse. As the rotational speed of 
the optical disc is increased, the vibration due to the 
burred surface of the optical disc becomes large and 
fast. Therefore the focusing servo follow also becomes 
worse and the amplitude of the focusing error signal be- 
comes large. The amplitude of the focusing error signal 
for the vibration limitation where the focusing servo fol- 
low is still possible is measured according to various op- 
tical disc apparatus. The optical disc is made to rotate 
with a high speed without exceeding the limit of the am- 
plitude of the focusing error signal, such that the writing 
will not fail and the high-speed writing is possible. 
[0191] Additionally, in the eighth embodiment, the 
tracking error signal is used in order to catch the servo 
status. When the laser beam Is beyond the center of the 
track with a deviation, a difference voltage from a refer- 
ence voltage, which is proportional to the deviation, is 
generated as the tracking error signal, wherein the ref- 
erence voltage is defined according to when the laser 
beam from the laser source for recording/reproducing 
follows the center of the track recorded on the optteal 
disc in advance. Namely, when the amplitude of the 
tracking error signal is large, the status of the tracking 
servo follow becomes' worse. As the rotational speed of 
the optical disc is increased, the vibration due to the 
burred surface of the optical disc becomes large and 
fast. Therefore the tracking servo follow also becomes 
worse and the amplitude of the tracking error signal be- 
comes large. The amplitude of the tracking error signal 
for the vibration limitation where the tracking servo fol- 
low is still possible is measured according to various op- 
tical disc apparatus. The optical disc is made to rotate 
with a high speed without exceeding the limit of the am- 
plitude of the tracking en^or signal, such that the writing 
will not fail and the high-speed writing is possible. 
[0192] In the eighth embodiment, the variation of the 
writing power from the ROPC is used to prevent the writ- 
ing quality from degradatton in advance. The writing 
power to the optical disc is increased or decreased by 
the ROPC to optimize the writing sensitivity of portions 
where it is recorded on the optical disc. In general, a 
large writing power is required when the writing to the 
optical disc Is moved to the outer writing position. As the 
writing power becomes large, the writing power also 
reaches the limit that the laser source of the optical disc 
apparatus can emit. If the large writing power is still used 
for recording, the insufficient writing power is obvious. 
The optical disc is made to rotate with a high speed with- 
out exceeding the limit of the writing power, such that 
the writing quality is not damaged and the high-speed 
writing is possible. 

[0193] In the eighth embodiment, the focusing error 
signal and the tracking error signal are used in order to 
catch the servo status. Because the focusing error sig- 
nal shows the servo deviation due to the movement in 
the axial direction of the optical disc, and the tracking 



error signal shows the servo deviatbn due to the move- 
ment In the radial direction of the optical disc, the servo 
deviation can be more accurately detected previously 
by using both the focusing error signal and the tracking 
5 error signal as criteria for determining the servo distur- 
bance. The optical disc is made to rotate with a high 
speed without exceeding the limit of the amplitudes of 
the tracking error signal and the focusing error signal, 
such that the writing quality is not damaged and the 
10 high-speed writing is possible. 

[01 94] Furthermore in the eighth embodinnent, the fo- 
cusing error signal and the tracking error signal are used 
in order to catch the servo status. Because the focusing 
error signal shows the servo deviatk>n due to the move- 
ment in the axiaJ direction of the optical disc, and the 
tracking enror signal shows the servo deviation due to 
the movement In the radial direction of the optical disc, 
the servo deviation can be more accurately detected 
previously by using both the focusing error signal and 
the tracking en-or signal as criteria for determining the 
servo disturbance. The variation of the writing power 
from the ROPC result is also monitored, and the writing 
speed is lowered when the writing power reaches the 
limit of the emitting power The optk^al disc is then made 
to rotate with a high speed without exceeding the limit 
of the amplitudes of the tracking error signal and the fo- 
cusing error signal, such that the writing quality is not 
damaged and the high-speed writing is possible. 



[0195] Rg. 14 is a diagram for explaining and com- 
paring various methods of data recordings for a CD. In 
column (a)-(d) of Fig. 14, the variations of the number 

35 of rotations of the optical disc, the writing speed, the writ- 
ing power and the sector length are shown from the in- 
ner circumference to the outer circumference. For CD, 
because the writing forniat is the CLV manner, the sector 
lengths of the recorded optical disc are the same no mat- 

40 ter what writing method is used. In Fig. 14, (a) is the 
general CLV method, (b) is the general CAV method, 
and (d) is the PCAV (partial CAV) method. 
[01 96] Rg. 3 (a) shows a conventional data writing by 
the CLV method. Because the number of rotations of the 

45 optical disc at the inner circumference Is large, the 
number of rotations cannot be raised due to the limita- 
tion of the rotation controlling system at the inner cir- 
cumference of the optical disc 1 and a high writing speed 
becomes impossible. This is not only because of the me- 

50 chanical limitation due to the requirement of the high 
torque, but the power consumption of the circuit of the 
rotational system (the spindle motor 2 and its motor driv- 
er 3) is increased i>eyond the penmitted power In par- 
ticular, the limitation of the power consumption for a 

55 notebook PC is severe, and therefore becomes an im- 
portant problem for the optical disc apparatus used in 
the notebook PC. 

[0197] For the optical disc apparatus of the embodi- 
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ment, as shown in Fig. 3(c). a plurality of writing zones 
are allocated on the surface of the optical disc, and 
therefore, it is possible to perform the ZCLV writing such 
that the writing speed can be switched for each zone. 
[0198] Therefore, the number of rotations of the opti- 5 
cal disc at the inner circumference can be suppresses. 
In addition, an average writing speed near the CAV data 
writing can be achieved by increasing the writing speed 
at the outer circumference. 

[0199] For example, as shown in Fig. 3(c), from the io 
innermost circumference toward the outemnost circum- 
ference of the optical disc 1 , three zones ZO, Z1 , and 22 
can be divided. TTie writing speed for each zone ZO, Z1 
or Z2 can be set to Si , S2 and S3, respectively. 
[0200] The problem for the ZCLV method Is that it has i5 
to maintain the interieave and the continuity of the data 
train at the zone boundary where the writing speed 
changes. 

[0201] in general, because certain time Is required lo 
settle down the driving system for rotating the optical so 
disc, as the speed is rapidly changed during the data 
recording, the quality of the data writing is degraded and 
the data reproduce becomes impossible. Therefore, 
once the data writing is stopped at the boundary be- 
tween zones, it has to restart the data writing after the 
speed corresponding to the new zone is set. 
[0202] According to the device described below, the 
writing interrupt (pause) and the restart capable of main- 
taining the interieave and the continuity of the data train 
are perfomned such that the data train can be recorded 30 
without brealc even though at the boundary between 
zones. 

[0203] Fig. 1 5 shows a blocic diagram of an exemplary 
circuit for implementing the pause and the restart func- 
tions above. Namely, because the host computer always 35 
transmits the data continuously, it is easy to divide the 
physical writing unit. As shown In Fig. 15 and Fig. 1, as 
the pause signal -PAUSE is input to an AND circuit 31 , 
the CD-ROM encoder, the clock signal CLOCK input to 
theCD-ROM encoder 14 and the CIRC (cross Interieave 40 
Read-Solomon code) encoder 32 is masked, and there- 
fore the encoding operations of the CD-ROM encoder 
14 and the CIRC encoder 32 are interrupted and the 
write data output signal is also tenminated. The write 
gate signal, which Is output from the CIRC encoder 32 ^ 
and is activated to make the data writing possible, Is also 
masked by the AND circuit 33 based on the pause signal 
-PAUSE. The data writing to the optical disc 1 is also 
interrupted. Because the data during encoding remains 
in the buffer RAM 1 0, If the pause signal -PAUSE is de- so 
activated, the write data signal continues to output. 
Therefore, the mask to the write gate is released and 
the writing to the opttoal disc 1 is restarted. However, for 
the pause and the restart of the writing, the pause signal 
-PAUSE has to be highly synchronized, and the timing 55 
to enter the pause signal (enter the pause operation) Is 
based on the sector unit. 

[0204] The units for data structure of a CD are simply 



described, i.e.. 1 second - 75 sectors (subcode frame). 
1 sector = 98 EFM frames (frame for short, hereinafter), 
and 1 frame = 588 channel bits (588T), and their respec- 
tive synchronous signals are the subcode (sector) syn- 
chronous clock and the frame synchronous clock. The 
absolute time infonnation on the optical disc 1 obtained 
from the ATIP is based on the sector unit. When the gen- 
eral data writing is periormed without pause, the ATIP 
time and the time of the CD encoder 13 are consistent, 
i.e. , the ATIP signal and the subcode synchronous clock 
for data writing are synchronized to write data. In this 
situation, deviation of about several frames is permitted. 
However, for the situation that the pause and the restart 
above are periomned, more accurate writing restart po- 
sition is required, such as several channel bits. 
[0205] In order to determine the writing position prop- 
erty, the end of the previous writing data has to be 
matched, which can be executed by a timing detecting 
circuit 21 shown in Fig. 16. The timing detecting circuit 
21 is used for counting the frame synchronous c\ocK and 
generating a timing signal for providing a start timing of 
data writing. Fig. 1 7 shows a timing chart of each signal. 
[0206] Refen'ing to both Fig. 1 8 and Fig. 1 7, in the tim- 
ing detecting circuit 21, the frame offset register 41 
counts the clock number of the frame synchronous clock 
from the subcode synchronous clock to the frame syn- 
chronous clock of the frame Fr25 (the end of the previ- 
ous data recording). The clock offset register 42 counts 
the clock number of the write reference clock (channel 
bit) from the frame synchronous clock of the frame Fr25 
to the data writing start position. 
[0207] In order to restart the data writing, a seeking 
operation is performed until an address where the data 
writing to the optical disc 1 is restarted is detected. The 
seeking operation is perfomned according to the ATIP 
Information or the address infomriatlon of the channel 
sub-code Q. As the address of the writing start sector 1 
is detected, a loading signal from an AND circuit 45 is 
output to the 5-bit down counter 43, the value from the 
frame offset register 41 is then loaded to the 5-bit down 
counter 43 using the initial sub-code synchronous clock. 
The 5-bit down counter 43 decreases the counter using 
the frame synchronous clock (frame sync elk). As the 
counting value of the 5-bit down counter 43 becomes 0, 
a loading signal is output to a 11 -bit down counter 44 
through an inverter 46, and then the value of the clock 
offset register 42 is loaded lo the 1 1 -bit down counter 
44. In addition, the frame synchronous clock input to the 
5-bit down counter 43 through the AND circuit 47 is 
stopped. Aftenwards, the 11 -bit down counter 44 de- 
creases the counter using the write reference clock. As 
the counting value of the 11 -bit down counter 44 be- 
comes 0, the write start signal is output through an in- 
verter 48. The write reference clock input to the 11 -bit 
down counter 44 through the AND circuit 49 Is stopped. 
Therefore, the pause signal -PAUSE Is deactivated by 
the write reference clock. The values loaded to the offset 
registers 41 , 42 are only examples, which can be deter- 
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mined according to the systenn and the delay time from 
the sub-code synchronous dock to the pause signal 
(-PAUSE) inputted. 

[0208] The frame synchronous clock, which is ob- 
tained by reading the recorded data on the optical disc 
1 just before pause, is counted. Then, the encoding 
clock is delayed by a certain value. Therefore, in the 
above example, the data writing restarts from the frame 
Fr26 

[0209] As described above, for the optical disc appa* 
ratus in Fig. 1 , a plurality of zones can be set from the 
innemnost circunrrference to the outemiost circumfer- 
ence of the optteal disc 1 , and the writing speed for each 
zone can be set. When the data writing is performed by 
the ZCLV method, a table 51 Is prepared as a preset 
data stored in the ROM 1 7B (referring to Fig. 1 ). For ex- 
ample, Fig. 1 8 shows an example of a first table referred 
to the table 51 . The first table 51 registers five modes 
of mode 1 —mode 5. 

[0210] In Fig. 18, the time (or the changing point) t1, 
t2 on the optical disc 1 showing the boundary where the 
zones are dhnded, and the writing speed SI --S3 for 
each zone can be set in different mode. 
[0211] In mode 1 , the times t1 and t2 arc not set, i.e., 
no zones are divided. The writing speed is 8X. Namely, 
the entire optical disc 1 is recorded with an 8X writing 
speed. In mode 2, the time is only set at 5 minutes. 
Namely, two zones are divided: the zone Z1 is set from 
the innermost circumference to a position at 5 minutes, 
and the zone Z2 is the remained portion ofthe optical 
disc 1 . The writing speeds 81 , 82 for the zones 21 , 22 
are 8X and 12X respectively. At the zone 21, the CLV 
writing is perfomned with the 8X writing speed, and at 
zone 22, the CLV writing is perfonned with the 1 2X writ- 
ing speed. 

[0212] In mode 3, no zones are divided. The entire 
optical disc 1 is recorded with a 12X writing speed by 
the CLV writing. In mode 4, three zones 21 -23 are di- 
vided. The zone 21 is set from the innermost circumfer- 
ence to a position at 1 minute, the zone 21 is set from 
the position at 1 minute to a position at 10 minutes, and 
the zone 23 is set from the position at 1 0 minutes to the 
outemnost circunnference. The zone 21 Is recorded by 
the CLV writing with a 16X writing speed, the zone 22 
Is recorded by the CLV writing with a 20X writing speed, 
and the zone 23 is recorded by the CLV writing with a 
24X writing speed, in mode 5, two zones 21 ^22 are 
divided. The zone 21 is set from the innermost circunrv 
ference to a position at 15 minutes and the zone 22 is 
set from the position at 15 minutes to the outermost cir- 
cumference. The zone 21 is recorded by the CLV writing 
with a 20X writing speed and the zone 22 is recorded 
by the CLV writing with a 24X writing speed. 
[0213] The method for determining the ranges of the 
zones can be according to the time (or the address) on 
the optical disc 1 as described above. For example, cur- 
rently, the time on the optical disc 1 can be known as an 
absolute time showing the ATIP signals on the optbal 



disc. In addition, it can be also detemnined according to 
the radius position of the optical disc 1 . For example, 
the position can be set by detecting the rotation of a 
seeking motor moving the optical pick-up 5 along the 
5 radius of the optical disc 1 . 

[0214] In addition, a table 52 shown in Fig. 19 is also 
stored in the ROM 17B (referring to Fig. 1). The table 

52 registers the magnitude of the writing power output 
from an emitting elOTient (a laser dtode, for example) of 
the optical pick-up 5, for each writing speed used by the 
optical disc apparatus, when writing data to the optical 
disc 1 . Fig. 19 is an example when a writing power of 
25mW is calculated by perfomiing the OPC with an 8X 
writing speed. The writing powers for the 12X-24X writ- 
ing speeds are cabulated by multiplying a predeter- 
mined constant with the 25mW writing power for the 8X 
writing speed. For example, this constant (multioliei:) 
can be obtained by rooting a ratio of 12X to 8X (/^ 
= 1.22). As the 25mW writing power for the 8X writing 
speed is multiplied with the multiplier 1.22, the writing 
power for the 12X writing speed is 30.5mW. Similarly, 
the writing powers for the writing speeds 1 6X-24X can 
be obtained, and then the writing power corresponding 
to each writing speed is registered to the ROM 1 7B, as 
the table 52. 

[0215] In addition, a table 53 shown in Fig. 20 is also 
stored In the ROM 17B (referring to Fig. 1). The table 

53 registers types of the optical disc 1 (the maker, media 
type etc) and their corresponding modes stored in the 
table 51 in Fig. 18. Determining the type ofthe optical 
disc 1 can be perfomned by reading the ATIP code in a 
lead-in area of the optical disc 1 . 
[0216] Next, the operation of the embodiment when 
the optical disc apparatus writes data to the optical disc 
1 is described below with reference to Fig. 21 . 
[0217] As shown in Fig. 21, the CPU 16 performs a 
read TOC operation when the optical disc 1 is loaded 
into the optical disc apparatus (Yes in step S1). Reading 
the ATIP code in the lead-in area on the optbal disc 1 . 
the inf omriation, showing such as the maker and the me- 
dia type etc, can be obtained, and therefore the type of 
the optical disc 1 can be determined by referring the in- 
formation to the table 53 in Fig. 1 8 (step S2). In addition, 
the position where data writing Is perfomned on the op- 
tical disc 1 can be detected based on the time or the 
radius ofthe optical disc 1 according to any conventional 
method, which is executed by a position detecting de- 
vice. The step executes a type determining process and 
can be implemented by a type determining device. Re- 
garding the mode corresponding to the type in the table 
53, the writing speeds S1~S3 and the positions t1, t2 
are read (step S3). A mode setting device or process is 
executed at step S3. 

[0218] Based on the writing speeds S1~S3 and the 
positions t1 , t2 read from the table 51 , the deviation of 
the servo signals from the servo circuit 4 is checked, 
which will be described in detail in the following para- 
graphs. 
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[0219] When the positions t1 and t2 are not set in the 
selected mode (No in step S4), the optical disc appara- 
tus is driven to perform a servo checking with the writing 
speed S1 (step S5). 

[0220] In addition, when the positions t1 or t2 are set s 
in the selected mode (Yes in step S4), the optical disc 
apparatus is driven to perfomi the servo checking with 
the writing speed S1 at a region prior to the position t1 
or t2, the zone ZD (step S6). When the position 1 1 is set 
(Yes in step S7), the optbal disc apparatus is driven to 
pert onm the servo checking with the writing speed S2 at 
a region beyond the position t1 , the zone Z1 (step S8). 
When the position t2 is set (Yes in step S9), the optical 
disc apparatus Is driven to perfomi the servo checking 
with the writing s|3eed S3 at a region beyond the position 
t2, the zone Z2 (step S10). A deviation detecting device 
or process Is executed at steps S6, S8 and S10. 
[0221] Take the table 51 as an example. In mode 1, 
because the position 1 1 or t2 is not set, the servo check- 
ing is perfomied with the writing speed of S1=8X CLV. 
In mode 4. the servo checking is performed with the writ- 
ing speed of S1=8X CLV at the region before 1 minute 
(zone 20), with the writing speed of S2=20X CLV at the 
region between 1 minute and 1 0 minutes (zone 21 ), and 
with the writing speed of S3=24X CLV at the region be- 
yond 1 0 minutes (zone 22), 

[0222] The levels of the servo deviation from the servo 
checking are collected in three stages at steps S6, SB 
and 810, for example. The levels of the servo deviation 
are stored in a table 54 built In the memory (RAM) 19 
(referring to Fig. 1), as shown in Figs. 22 and 23 for ex- 
ample. In the table 54, the level 0 Is good, the level 1 is 
bad. and the level 2 is very bad. When the level 1 Is 
detected, the writing speed is restricted to lower one lev- 
el and when the level 2 Is detected, the writing speed 
Is restricted to lower two levels. Therefore, the writing 
speed SI —83 set for each mode can be more restricted 
according to the levels of the servo disturbance. The de- 
tailed process is described below as an example. 
[0223] The zones and the positions on the optical disc 
1 and the servo deviation levels are corrected and 
stored In the table 54. In this example, the servo check- 
ing Is perionmed every 20 minutes for a zone longer than 
20 minutes. The original writing speed set according to 
the mode In the table 51 for each zone Is also stored in 
the table 54 for each zone. For each zone, when the 
servo deviation level is level 1, the optimum writing 
speed is stored using the same writing speed as the 
original writing speed. When the servo deviation level is 
level 2, the optimum writing speed is stored using a writ- 
ing speed lower than the original writing speed by one 
level (1 6X->1 2X). When the servo deviation level is level 
3, the optimum writing speed is stored using a writing 
speed lower than the original writing speed by two levels 
(16X-»8X). These optimum writing speeds are then 
stored in the table 54 (step S11). A first writing speed 
reducing device or process is executed at step S11 . 
[0224] When the writing speed Is lowered by one or 



two levels and then stored in the table 54 (Yes in step 
SI 2), an acknowledging signal Is outputted to the host 
computer (a PC 71 described later) through the host in- 
terface 1 1 to inform that the writing speed is reduced. At 
the host computer side, the write software executed by 
the host computer makes the optical disc apparatus per- 
form the writing operation. However, when the above ac- 
knowledging signal to Infomri that the writing speed Is 
reduced Is received, a message showing that the writing 
speed Is reduced Is displayed on a display of the host 
computer by the write software, and therefore the user 
can be noticed. 

[0225] After noticing the user, the writing is performed 
to the optical disc 1 by referring to the table 54. The op- 
timum writing speed stored for the initial zone 1 is set 
as the writing speed of the optical disc apparatus by re- 
ferring to the table 54, and a writing power correspond- 
ing to the above writing speed Is set as the writing power 
of the optbal disc apparatus by referring to the table 52 
(step SI 4). The CLV writing Is performed to the zone 1 
with the writing speed and the writing power set above 
(step SI 5). A power controlling device or process is ex- 
ecuted at step S14. A CLV controlling device or process 
is executed at step SI 5. After step 15, when the writing 
to the zone 1 1s finished (step SI 6) and a next zone ex- 
ists (Yes at step 17), the optimum writing speed stored 
for the next zone is set as the writing speed of the optical 
disc apparatus by refen-ing to the table 54 again, and a 
writing power corresponding to the above writing speed 
is set as the writing power of the opttoal disc apparatus 
by refen-ing to the table 52 (step SI 4). The CLV writing 
is perfomied to the next zone with the writing speed and 
the writing power set above (step SI 5). The above proc- 
ess is repeatedly perfomned until the writing to the final 
zone Is finished (No at step SI 7), and then the whole 
process is terminated. 

[0226] According to the process in Fig. 21 , because 
the writing speed for actually writing is set for each zone 
to verify the servo follow (steps S6, S8, SI 0), the verifi- 
cation of the servo follow can be exactly performed. 
Therefore, according to the servo deviation levels show- 
ing the degrees of the sen/o disturbance, the optimum 
writing speed can be set (step SI 4) to perfomn the writ- 
ing (step 315). The writing speed for each zone is opti- 
mized andtherefore no servo deviation occurs, by which 
a high-speed writing is possible. 

[0227] The servo checking performed at steps S6. S8 
and S10 can determine the deviation of the waveform 
of the tracking error signal (TE) which makes the light 
spot from the optical pick-up 5 follow the track on the 
optical disc 1 . Namely, theTE signal is generated by the 
read amplifier 6 according to a signal detected and di- 
vided by a well-known device at the optbal pick-up 5. 
Therefore, a tracking error signal generating device or 
process is executed. In general, in the tracking-on sta- 
tus, as shown in Fig. 24A, the TE signal 56 with respect 
to the track center 55 maintains at level 0, and the level 
of the TE signal 57 begins to disturb for the high-speed 



IS 



20 



25 



30 



35 



40 



45 



50 



23 



RN.c%nnr:H> <PP 194.4097A2 I > 



EP 1 244 097 A2 



46 



45 

rotation and the large eccentricity. 
[0228] For example, the levels of the waveform devi- 
ation of the TE signal can be determined by three levels. 
In Fig. 24B, the TE signal 60 passing through a band 
pass filter (BPF) is compared with two threshold values 
58, 59 to obtain an output signal 61 in Fig. 24C. The 
level of the duty cycle of the signal 61 can be used as 
the three-level determination. Therefore, a deviation de- 
tecting device or process Is executed. 
[0229] Fig. 25 shows an example for setting the three 
levels. The divisions of the deviation of the TE signal for 
the 1 6X writing zone are a level 0 (good) for a ratio below 
1 0%, a level 1 (bad) for a ratio between 10% and 20%, 
and a level 2 (very bad) for a ratio above 20%. In addi- 
tion, the divisions of the deviation of the TE signal for 
the 20X writing zone are a level 0 (good)fora ratio below 
7.5%, a level 1 (bad) for a ratio between 7.5% and 15%, 
and a level 2 (very bad) for a ratio above 1 5%, Similarly, 
the divisions of the deviation of the TE signal for the 24X 
writing zone are a level 0 (good) for a ratio below 5%, a 
level 1 (bad) for a ratio between 5% and 1 0%, and a 
level 2 (very bad) for a ratio above 1 0%. 
[0230] Fig. 26 shows a perspective view of a personal 
computer (PC) 71 in which the optical disc apparatus is 
installed for executing the information processing appa- 
ratus of the invention. The PC 71 can control the optical 
disc apparatus to perfomi the data writing to the optical 
disc 1 . 

«Tenth Embodiment* 

[0231] The following description is the tenth embodi- 
ment according to the Invention. In the tenth embodi- 
ment, the elements are the same as those in the ninth 
embodiment are labeled the same number, and their 
corresponding descriptions are omitted. The difference 
between the ninth and the tenth embodiments is that the 
process shown in Fig. 21 is replaced by the processes 
shown in Figs. 27 and 28. 

[0232] Before writing data to the optical disc 1 , the op- 
tical disc apparatus performs the OPC operation first for 
calculating an optimum writing power. However, for per- 
f omning the ZCLV writing, the writing speed Is varied up 
to three levels. The OPC operation is perfomried with a 
minimum writing speed of the mode read at step S3 be- 
fore the sen^o checking Is executed after step 36 (step 
S18). At step 819, it determines whether the OPC op- 
eration stops normally such that no servo error occurs 
in the servo circuit 4. 

[0233] When the OPC operation stops normally (Yes 
at step S1 9), the servo checking after step S6 Is per- 
fonned. If any abnormal servo error occurs, the writing 
speed is lowered by one level (for example, 1 6X-^1 2X), 
and the OPC operation Is performed again (step 818). 
The OPC operation is performed at step S18 and the 
OPC detenTiinIng process is perfomned at step S1 9. The 
OPC determining process is performed again because 
of "Yes" at step 819. Step 20 perfonms the writing speed 



redix:ing process. 

[0234] As described above, when the writing speed is 
lowered (step 820) and the OPC operation is executed 
(Yes at step 821). the servo checking for each zone is 
5 performed with the writing speed when the OPC opera- 
tion can stop normally. For example, when the OPC op- 
eration can stop nomnally under the 16X writing speed, 
the servo checking is entirely perfonmed with the 16X 
writing speed. Namely, when the positions t1 or t2 are 
10 set for a certain mode (Yes at step 822), the optical disc 
apparatus is driven to perform the servo checking at the 
region prior to the position 1 1 or t2 (zone 20) with the 
writing speed when the OPC operation can stop normal- 
ly (step 823). Next, when the position t1 is set (Yes at 
IS step 824), the optical disc apparatus is driven to perform 
the servo checking at the region beyond the position t1 
(zone Z1) with the writing speed when the OPC opera- 
tion can stop normally (step 825). When the position t2 
is set (Yes at step 826), the optical disc apparatus Is 
^0 driven to perfonn the servo checking at the region be- 
yond the position t2 (zone 21 or 22) with the writing 
speed when the OPC operation can stop normally (step 
827). 

[0235] When the positions t1 or t2 are not set, the op- 
S5 ticat disc apparatus is driven to perform the servo check- 
ing with the writing speed when the OPC operation can 
stop nomnally. Steps S23, 825, 827 and 828 perform 
the detection of the disturbance. 
[0236] According to the optical disc apparatus, even 
30 if the optical is poor in quality, because the writing speed 
can be set such that the OPC operation can be finished 
at the innermost circumference where the optical disc 1 
rotates with a highest speed and the servo follow of the 
surface of the optical disc is verified, the spindle motor 
35 2 will not cause the sen/o deviation and the servo follow 
can be exactly verified. 

« Eleventh Embodiment* 

40 [0237] The following description is the eleventh em- 
bodiment according to the invention. In the eleventh em- 
bodiment, the elements that are the same as those in 
the ninth and the tenth embodiments are labeled the 
same number, and their con^espondlng descriptions are 

45 omitted. The eleventh embodiment differs from the ninth 
and the tenth embodiments is that the servo checking 
at steps 86, 88, 810 is performed according to the 
waveform deviation of the focusing error signal (FE), 
rather than the waveform deviation of the TE signal. 

50 [0238] Namely, the signal detected and divided by the 
optical pick-up 5 is Input to the read amplifier 6 to gen- 
erate the FE signal. Therefore, a focusing error signal 
generating device or process is executed. In general, in 
the focuslng-on status, as shown in Fig. 29, the FE sig- 

S5 nal 63 with respect to the track center 62 maintains at 
level 0, and the level of the FE signal 64 begins to disturi? 
for the high-speed rotation and the large eccentricity. 
[0239] For example, the levels of the wavefonp devl- 
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ation of the FE signal can be detemnined by three levels. 
In Rg. 30. according to the amplitude (peak-to-peak) 
FEp-p of the FE signal, three levels can be divided. 
Therefore, a deviation detecting devtee or process is ex- 
ecuted. 

•Twelfth Embodiment* 

[0240] Following description is the twelfth embodi- 
ment according to the invention. In the twelfth embodi- 
ment, the elements that are the same as those in the 
ninth to the eleventh embodiments are labeled the same 
number, and their corresponding descriptions are omit- 
ted. The twelfth embodiment differs from the ninth to the 
eleventh embodiments is that the servo checking at 
steps S6, S8, S10 is perfonned by monitoring both the 
waveform disturbances of the focusing error signal (FE) 
and the tracking error signal (TE). According to the de- 
viation level of the servo error signals, the determination 
can be made by three levels, for example. 
[0241] For ex£imple, as shown in Fig. 31 , at the posi- 
tions of 50 minutes and 70 minutes in the zone Z3, the 
waveform deviation of the TE signal and the FE signal 
is dctcmiined to level 1 , and therefore the optimum writ- 
ing speed at the zone Z3 is lowered by one level and 
then the writing is performed with a 20X CLV speed. 
[0242] Therefore, according to the optical disc appa- 
ratus, the servo follow can be verified with high reliability 
by detecting the deviation of the servo error signals in 
the focusing direction and in the tracking direction. 
[0243] As described above, according to the inven- 
tion, the ZCLV zones can be set to match the mechan- 
ical characteristic and the writing characteristic for each 
disc type, and a high-speed writing can be perfonned 
without causing the track deviation. In addition, the 
ZCLV zones can be set to include the unevenness of 
the optic disc and the optical disc apparatus. 
[0244] According to the above embodiments of the in- 
vention, both the stable writing and the high-speed writ- 
ing can be satisfied by obtaining the characteristic of the 
optical disc. In addition, the position where the writing 
speed is changed can be changed by obtaining the char- 
acteristic of the optical disc from the ATIP infomriation, 
such that both the stable writing and the high-speed writ- 
ing can be satisfied. 

[0245] According to the above embodiments of the in- 
venUon, the position where Ihe writing speed is changed 
can be changed by obtaining the characteristic of the 
optical disc from monitoring the ser/o status, such that 
both the stable writing and the high-speed writing can 
be satisfied. In addition, the position where the writing 
speed is changed can be changed by obtaining the char- 
acteristic of the optical disc from the capacity of the op- 
tical disc, such that both the stable writing and the high- 
speed writing can be satisfied. 

[0246] According to the invention, the writing can be 
performed with a high writing speed without failures. In 
addition, the writing can be performed with a high writing 



speed without damage to the writing quality. 
[0247] According to the invention, when the writing is 
periormed to the optical disc, the sen/o follow can be 
examined with the writing speed for actually perfomriing 
5 the writing to each zone. Because the variation due to 
the manufacturing dispersion of the optical disc can be 
absorbed, and the writing speed for each zone is opti- 
mized, therefore a high speed writing can be performed 
without causing the track deviation. 
[0248] According to the invention, the writing can be 
performed with an optimum writing speed for each mak- 
er or the media type of the optical disc. The CLV writing 
can be also performed If the zones are not set on the 
optical disc. By reducing the writing speed by a prede- 
termined level according to the level of the servo signal 
deviation, a high-speed writing can be perfomned with- 
out causing the servo deviation. The writing can be per- 
fomned with an optimum writing power corresponding to 
the writing speed. 

[0249] According to the invention, even if the optical 
disc is bad in quality, the servo follow can be examined 
without causing the servo deviation because the writing 
speed at which the optcal disc can rotate with a highest 
speed to finish tho OPC operation at the innenmost cir- 
cumference and the servo follow of the disc surface are 
checked. In addition, the servo follow can be examined 
by examining the servo signal deviation in the tracking 
direction. The servo follow can be also examined by ex- 
amining the servo signal deviation in the focusing direc- 
tion. Furthemnore, a highly reliable servo follow can be 
examined by examining the servo signal deviation in the 
focusing direction and in the tracking direction. In addi- 
tion, when the actual writing speed and the writing speed 
expected by the user are different, the information can 
be Infomied to the user. 

[0250] While the present invention has been de- 
scribed with a prefen-ed embodiment, this description is 
not intended to limit our invention. Various modifications 
of the embodiment will be apparent to those skilled in 
the arf. It is therefore contemplated that the appended 
claims will cover any such modifications or embodi- 
ments as fall within the true scope of the invention. 



1. A writing method for an optical disc to optimize a 
writing speed, wherein a spiral track on the optical 
disc is divided into a plurality of zones, and different 
CLV writing speeds are used for perfonming a ZCLV 
writing to the zones respectively, the writing method 
comprising steps of: 

setting a plurality of writing modes; 
storing a plurality of zone parameter sets for the 
writing modes respectively in a memory, where- 
in each of the zone parameter sets comprises 
dividing times for dividing the zones, and the 
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different CLV writing speeds for the zone re- 
spectively; 

determining a disc type of the opticaJ disc by a 
disc type detenmining device before the ZCLV 
writing is perfonmed; s 
selecting one of the zone parameter sets that 
is suitable to the disc type of the optical disc; 
and 

perfonning the ZCLV writing with the writing 
mode corresponding to the selected zone pa- io 
rameter set. 

2. A writing method for an optical disc to optimize a 
writing speed, wherein a spiral track on the optical 
disc Is divided into a plurality of zones, and different is 
CLV writing speeds are used for performing a ZCLV 
writing to the zones respectively, the writing method 
comprising steps of: 

setting a plurality of writing modes; ^ 
storing a plurality of zone parameter sets for the 
writing modes respectively in a memory, where- 
in each of the zone parameter sets comprises 
dividing times for dividing the zones, and the 
different CLV writing speeds for the zone re- 2S 
spectively; 

performing a test writing to the optical disc at a 
initial writing stage to obtain a test result; 
selecting one of the zone parameter sets ac- 
cording to the test result; and so 
performing the ZCLV writing with the writing 
mode corresponding to the selected zone pa- 
rameter set. 

3. A writing method for an optical disc to optimize a 35 
writing speed, wherein a spiral track on the optfcal 
disc is divkied into a plurality of zones, and different 
CLV writing speeds are used for performing a ZCLV 
writing to the zones respecth/ely, the writing method 
comprising steps of: 40 

setting a plurality of writing modes; 
storing a plurality of zone parameter sets for the 
writing modes respectively in a memory, where- 
in each of the zone parameter sets comprises 
dividing times for dividing the zones, and the 
different CLV writing speeds for the zone re- 
spectively; 

accessing the optical disc before a writing to 
obtain an access error result; so 
selecting one of the zone parameter sets ac- 
cording to the access error result; and 
performing the ZCLV writing with the writing 
mode corresponding to the selected zone pa- 
rameter set. 55 

4. A writing method for an optical disc to optimize a 
writing speed, wherein a spiral track on the optical 



disc is divided into a plurality of zones, and different 
CLV writing speeds are used for performing a ZCLV 
writing to the zones respectively, the writing method 
comprising steps of: 

setting a plurality of writing modes; 
storing a plurality of zone paranieter sets for the 
writing modes respectively in a memory, where- 
in each of the zone parameter sets comprises 
dividing times for dividing the zones, and the 
different CLV writing speeds for the zone re- 
spectively; 

accessing the optical disc before a writing to 
detect a servo signal deviation; 
selecting one of the zone parameter sets ac- 
cording to the servo signal deviation; and 
perfomning the ZCLV writing with the writing 
mode corresponding to the selected zone pa- 
rameter set. 

5. An infomriation processing method, using the writ- 
ing method for an optical disc of any one of claims 
1 to 4 to obtain an optimum writing speed, the meth- 
od comprising steps of: 

Informing the optimum writing speed to a host 
computer or a write software; and 
displaying by the host computer or the write 
software using the informed optimum writing 
speed that to set a writing speed higher than 
the infonned optimum writing speed is impos- 
sible, or that when a writing speed higher than 
infonned optimum writing speed Is selected, 
the writing speed is changed to the informed 
optimum writing speed and the writing method 
is perfonned under a limit of the optimum writ- 
ing speed. 

6. The method of claim 5, wherein an optimization of 
the writing speed is selectable by the host computer 
or the write software. 

7. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on the optical 
disc is divided into a plurality of zones, and different 
CLV writing speeds are used for performing a ZCLV 
writing to the zones respectively, the optk:al disc ap- 
paratus comprising: 

means for storing a plurality of writing modes; 
means for storing a plurality of zone parameter 
sots for the writing modes respectively, wherein 
each of the zone parameter sets comprises di- 
viding times for dividing the zones, and the dif- 
ferent CLV writing speeds for the zone respec- 
tively; 

means for determining a disc type of the optical 
disc before the ZCLV writing is performed; 



26 

3NSDOCID:<EP 1244097A2 I > 



61 



EP 1 244 097 A2 



52 



means for selecting one of the zone parameter 
sets from the memory, wherein the selected 
zone parameter set is suitable to the disc type 
of the optical disc; and 

means for perf omning the ZCLV writing with the 
writing mode corresponding to the selected 
zone parameter set. 

8. An optical disc apparatus capable of optimizing a 
. writing speed, wherein a spiral track on the optical 

disc is divided into a plurality of zones, and different 
CLV writing speeds are used for perf omning a ZCLV 
writing to the zones respectively, the optical disc ap- 
paratus comprising: 

means for storing a plurality of writing modes; 
a memory for storing a plurality of zone param- 
eter sets for the writing modes respectively, 
wherein each of the zone parameter sets com- 
prises dividing times for dividing the zones, and 
the different CLV writing speeds for the zone 
respectively; 

means for performing a lest writing to the opti- 
cal disc at an initial writing stage to obtain a test 
result; 

means for selecting one of the zone parameter 
sets from the memory according to the test re- 
sult; and 

means for performing the ZCLV writing with the 
writing mode con^esponding to the selected 
zone parameter set. 

9. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on the optbal 
disc Is divided into a plurality of zones, and different 
CLV writing speeds are used for perf onning a ZCLV 
writing to the zones respectively, the optical disc ap- 
paratus comprising: 

means for storing a plurality of writing modes; 
a memory for storing a plurality of zone param- 
eter sets for the writing modes respectively, 
wherein each of the zone parameter sets com- 
prises dividing times for dividing the zones, and 
the different CLV writing speeds for the zone 
respectively; 

means for accessing the optical disc before a 
writing to obtain an access error result; 
means for selecting one of the zone parameter 
sets according to the access error result; and 
means for selecting one of the zone parameter 
sets from the memory according to the access 
error result; and 

means for performing the ZCLV writing with the 
writing mode corresponding to the selected 
zone parameter set. 

10. An optical disc apparatus capable of optimizing a 



writing speed, wherein a spiral track on the optical 
disc Is divided into a plurality of zones, and different 
CLV writing speeds are used for performing a ZCLV 
writing to the zones respectively, the optical disc ap- 
5 paratus connprising: 

means for storing a plurality of writing modes; 
a memory for storing a plurality of zone param- 
eter sets for the writing modes respectively, 
10 wherein each of the zone parameter sets com- 

prises dividing times for dividing the zones, and 
the different CLV writing speeds for the zone 
respectively; 

means for accessing the optical disc before a 
15 writing to obtain a servo signal deviation; 

means for selecting one of the zone parameter 
sets from the memory according to the servo 
signal deviation; and 

means for periorming the ZCLV writing with the 
20 writing mode corresponding to the selected 

zone parameter set. 

11 . An infomnatlon processing apparatus, using the op- 
tical disc apparatus capable of obtaining an opti- 
cs mum writing speed in any one of claims 1 to 4, the 

apparatus comprising: 

means for informing the optimum writing speed 
to a host computer or a write software; and 
30 means for displaying by the host computer or 

the write software using the informed optimum 
writing speed that to set a writing speed higher 
than the Informed optimum writing speed is im- 
possible, or that when a writing speed higher 
35 than the informed optimum writing speed is se- 

lected, the writing speed is changed to the in- 
fomned optimum writing speed and the writing 
method is perionned under a limit of the opti- 
mum writing speed. 

40 

12. The apparatus of claim 11, further comprising 
means for measuring a data transfer rate during the 
writing to report a writing speed or an average writ- 
ing speed during the writing, or an average writing 

45 speed, a maximum writing speed or a minimum writ- 
ing speed after the writing. 

13. The apparatus of claim 11, further comprising 
means for selectably optimizing the writing speed 

so at the host computer or at the write software. 

14. An optical disc apparatus for writing a data to an 
optical disc by a ZCLV (zoned constant linear ve- 
locity) method, comprising a changing device for 

55 changing a position, where a writing speed for the 
optical disc is changed, according to a disc charac- 
teristic for writing. 
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15. The apparatus of claim 14, wherein the changing 
device determines the position, where a writing 
speed for the optical disc is changed, according to 
an ATiP information that is stored on the optical disc 

in advance. 5 

16. The apparatus of claim 14, wherein the changing 
device determines the position, where a writing 
speed for the optical disc is changed, according to 

a servo status with respect to the optbal disc. io 

17. The apparatus of claim 14, wherein the changing 
device detennlnes the position, where a writing 
speed for the optical disc is changed, according to 

a capacity of the optical disc. ts 

18. A writing method for an optical disc, wherein a spiral 
track on the optical disc is divided Into a plurality of 
zones, and different CLV (constant linear velocity) 
writing sp)eeds are used for performing a ZCLV 20 
(zoned CLV) writing to the zones respectively, the 
writing method comprising steps of: 

obtaining an amplitude information of a focus- . 
ing error signal with respect to the optical disc 
when a writing is performed; and 
calculating dividing times for the zones in real 
time according to the amplitude information of 
the focusing error signal. 

30 

19. Awriting method for an optical disc, wherein a spiral 
track on the optical disc is divided into a plurality of 
zones, and different CLV (constant linear velocity) 
writing speeds are used for performing a ZCLV 
(zoned CLV) writing to the zones respectively, the 35 
writing method comprising steps of: 

obtaining an amplitude Information of a tracking 
error signal with respect to the optical disc when 
a writing is performed; and 40 
calculating dividing times for the zones in real 
time according to the amplitude infonnation of 
the tracking error signal. 

20. A writing method for an optical disc, wherein a spiral 45 
track on the optical disc Is divided Into a plurality of 
zones, and different CLV (constant linear velocity) 
writing speeds are used for performing a ZCLV 
(zoned CLV) writing to the zones respectively, the 
writing method comprising steps of: so 

obtaining a power variation infonmation of a run- 
ning OPC result with respect to the optical disc 
when a writing Is performed; and 
calculating dividing times for the zones in real ss 
time according to the power variation Infonna- 
tion. 



21 . A writing method for an optical disc, wherein a spiral 
track on the optteal disc is dh^ided Into a plurality of 
zones, and different CLV (constant linear velocity) 
writing speeds are used for performing a ZCLV 
(zoned CLV) writing to the zones respectively, the 
writing method comprising steps of: 

obtaining amplitude infonmation of a tracking 
error signal and a focusing error signal with re- 
spect to the optical disc when a writing is per- 
formed; and 

calculating dividing times for the zones in real 
time according to the amplitude Information of 
the tracking en^or signal and the focusing error 
signal. 

22. A writing method for an optk:al disc, wherein a spiral 
track on the optk^al disc is divided into a plurality of 
zones, and different CLV (constant linear velocity) 
writing speeds are used for performing a ZCLV 
(zoned CLV) writing to the zones respectively, the 
writing method comprising steps of: 

obtaining amplitude information of a tracking 
error signal and a focusing error signal with re- 
spect to the optical disc when a writing is per- 
formed; and 

obtaining a power variation information of a run- 
ning OPC result with respect to the optical disc 
when a writing is performed; and 
calculating dividing times for the zones in real 
time according to the amplitude information of 
the tracking en^or signal and the focusing error 
signal as. well as the power variation informa- 
tion. 

23. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on an optical 
disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are 
used for perfomning a ZCLV (zoned CLV) writing to 
the zones respectively, the apparatus comprising: 

means tor obtaining an amplitude information 
of a focusing error signal with respect to the op- 
tical disc when a writing Is perfonned; 
means for determining whether a next zone is 
switched to according to the amplitude informa- 
tion of the focusing error signal; 
means for calculating dividing times for the 
zones when the next zone is switched to; 
means for generating zone parameters based 
on the dividing times; and 
means for performing the ZCLV writing with a 
writing mode corresponding to the zone param- 
eters. 

24. An optical disc apparatus capable of optimizing a 
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writing speed, wherein a spiral track on an optical 
disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are 
used for performing a ZCLV (zoned CLV) writing to 
the zones respectively, the apparatus comprising: 

means for obtaining an amplitude information 
of a tracking error signal with respect to the op- 
tbal disc when a writing is perfomned; 
means for detemnining whether a next zone is 
switched to according to the amplitude infonrna- 
tion of the tracking en^or signal; 
means for calculating dividing times for the 
zones when the next zone is switched to; 
means for generating zone parameters based 
on the dividing times; and 
means for performing the ZCLV writing with a 
writing mode corresponding to the zone paranrv 
elers. 

25. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on an optbal 
disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are 
used for performing a ZCLV (zoned CLV) writing to 
the zones respectively, the apparatus comprising: 

means for obtaining a power variation Infomna- 
tion of a running OPC result with respect to the 
optteal disc when a writing is performed; 
means for detemnining whether a next zone is 
switched to according to the power variation In- 
fonnation; 

means for calculating dividing times for the 
zones when the next zone is switched to; 
means for generating zone parameters based 
on the dividing times; and 
means for performing the ZCLV writing with a 
writing mode corresponding to the zone param- 
eters. 

26. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on an optical 
disc is divided into a plurality of zones, and different 
CLV (constant linear velocity) writing speeds are 
used for performing a ZCLV (zoned CLV) writing to 
the zones respectively, the apparatus comprising: 

means for obtaining amplitude information of a 
focusing error signal and a tracking error signal 
with respect to. the optical disc when a writing 
is performed; 

means for determining whether a next zone is 

switched to according to the amplitude Informa- 
tion of the focusing error signal and the tracking 
error signal; 

means for calculating dividing times for the 
zones when the next zone is switched to; 



means for generating zone parameters based 
on the dividing times; and 
means for performing the ZCLV writing with a 
writing mode corresponding to the zone param- 
5 eters. 

27. An optical disc apparatus capable of optimizing a 
writing speed, wherein a spiral track on an optical 
disc is divided into a plurality of zones, and different 

10 CLV (constant linear velocity) writing speeds are 
used for perfonming a ZCLV (zoned CLV) writing to 
the zones respectively, the apparatus comprising: 

means for obtaining amplitude information of a 
focusing error signal and a tracking error signal 
with respect to the optical disc when a writing 
Is perfonned, and for obtaining a power varia- 
tion infomnation of a running OPC result with 
respect to the optical disc when a writing is per- 

20 formed; 

means for determining whether a next zone is 
switched to according to the amplitude Informa- 
tion of the focusing error signal and the tracking 
error signal, as well as the power variation in- 

25 formation; 

means for calculating dividing times for the 
zones when the next zone is switched to; 
means for generating zone parameters based 
on the dividing times; and 

30 means for perfonming the ZCLV writing with a 

writlng.mode corresponding to the zone param- 
eters. 

28. An optical disc apparatus, wherein a light is emitted 
3S from a light emitting element to write data on a write- 
once type or a rewritable optical disc that is driven 
to rotate, the apparatus comprising: 

a motor for rotationally drh^ing the optical disc; 

40 a servo driving device capable of driving the 

motor such that the optical disc Is rotated in a 
CLV (constant linear velocity) manner; 
a first table for storing a plurality of writing 
modes corresponding to a plurality of positions 

4s of zones (zone positions) and writing speeds 

when a writing Is perfomned for the zones re- 
spectively, wherein a writable region of the op- 
tical disc is divided into the zones from an Inner 
circumference to an outer circumference; 

30 a second table for storing a plurality of disc 

types of the optical disc and the writing modes 
each of which corresponds to one disc type of 
the optical disc; 

a disc type determining device for determining 
55 the disc type of the optical disc; 

a position detecting device for detecting a po- 
sition on the optical disc; 
a writing mode setting device such that the writ- 
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ing mode corresponding to determined disc 
type is read from the second table and the writ- 
ing mode read from the first table is set as a 
writing mode for wrrting the optical disc; 
a CLV controlling device for controlling the ser- 
vo driving device such that according to the set 
writing nnode, a zone is determined from the po- 
sition detected by the position detecting device, 
and then a data writing is perfomned for the 
zone with the writing speed set for the zone; 
a deviation detecting device for detecting a ser- 
vo signal deviation of the servo driving device 
with the writing speed set by the writing mode 
setting device; and 

a first speed reducing device for reducing the 
writing speed by the CLV controlling device 
when controlling the servo driving device ac- 
cording to the detected deviation. 

29. The apparatus of claim 28, wherein the disc-type 
determining device is used for determining a maker 
or a media type of the optical disc. 

30. The apparatus of claim 28, wherein the first table 
stores the writing modes wherein for each writing 
mode, when the zone positions are not set, the writ- 
ing is performed with a single writing speed, and 
when the zone positions are set, the writing to each 
zone is performed with the writing speed corre- 
sponding to each zone; 

wherein when the zones are not set in the writ- 
ing mode set by the writing mode setting device, the 
CLV controlling device controls the servo driving de- 
vice so that the data writing Is perfomned by the CLV 
manner with the single writing speed to the optical 
disc; and when the zones are set In the writing mode 
set by the writing mode setting device, the CLV con- 
trolling device detenmines the zones according to 
the zone positions detected by the position detect- 
ing device and then controls the servo driving de- 
vice so that the data writing is performed to each 
zone by the CLV manner with the writing speed set 
for each zone; and 

wherein when the zones are not set In the writ- 
ing mode set by the writing mode setting device, the 
deviation detecting device detects the servo signal 
deviation of the servo driving device with the single 
writing speed; and when the zones are set in the 
writing mode set by the writing mode setting device, 
the deviation detecting device detects the servo sig- 
nal deviation of the servo driving device with the 
writing speed set for each zone. 

31. The apparatus of claim 28, wherein first speed re- 
ducing device reduces the writing speed by a pre- 
determined level according to the level of the servo 
signal deviation. 



32. The apparatus of claim 28. further comprising a 
power controlling device for controlling a writing 
power of a beam emitted from an optical pick-up ac- 
cording to the reduced writing speed. 

5 

33. The apparatus of claim 28. further comprising 

an OPC executing devk:e for executing an 
OPC operatbn with a predetemnined writing speed 
before the deviation detecting devce starts to de- 
10 tect; 

an OPC determining device for determining 
whether the OPC operation is completed normally; 

an OPC re-executing device for re-executing 
the OPC operation by the OPC executing with a 
'5 writing speed reduced by the predetermined writing 
speed, when the OPC operation does not complete 
normally; 

a second speed reducing device for replacing 
the writing speed, that is set by the writing mode 

^ setting device, by a writing speed when the servo 
signal deviation is detected by the deviation detect- 
ing devbe, to therefore set a writing speed during 
the OPC operation so that the OPC operation is de- 
termined to be completed normally, when the OPC 

25 operation is re-executed. 

34. The apparatus of claim 28, further comprising 

a light receiving element for receiving a reflec- 
tion beam reflected by the optical disc; and 

^ a tracking en'or signal generating device for 

generating a tracking error signal used for detecting 
a tracking error of the optical disc from the light re- 
ceiving element, wherein the deviation detecting 
device uses the tracking error signal to detect the 

55 servo signal deviation of the servo driving device. 

35. The apparatus of claim 28, further comprising 

a light receiving element for receiving a reflec- 
tion beam reflected by the optical disc; 

^0 a focusing error signal generating device for 

generating a focusing error signal used for detect- 
ing a focusing error of the optical disc from the light 
receiving element, wherein the deviation detecting 
device uses the focusing error signal to detect the 

45 servo signal deviation of the servo driving device. 

36. The apparatus of claim 28, further comprising 

a light receiving element for receiving a reflec- 
tion beam reflected by the optical disc; and 

^0 a tracking en-or signal generating device for 

generating a tracking error signal used for detecting 
a tracking error of the optical disc from the tight re- 
ceiving element; and 

a focusing error signal generating device for 

S5 generating a focusing error signal used for detect- 
ing a focusing error of the optical disc from the light 
receiving element, wherein the deviation detecting 
device uses the tracking error signal and the focus- 
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ing error signal to detect the servo signal deviation 
of the servo driving device. 

37. The apparatus of claim 28. further comprising an 
acknowtedging device for outputting a signal to in- 5 
form a fact when the writing speed to control the 
servo driving device is reduced by the first speed 
reducing device. 

38. An Infomnatlon processing apparatus, comprising *o 
the optical disc apparatus of any one of claims 28 

to 37 to write data to the write-once type or the re- 
writable optical disc. 

39. A writing method for an optica! disc, wherein a light *5 
is emitted from a light emitting element to write data 

on a write-once type or a rewritable optical disc that 
Is driven to rotate, the apparatus comprising: 

a disc type determining process for determining ^ 
the disc type of the optical disc; 
a writing mode setting device such that the writ- 
ing mode corresponding to determined disc 
typo is road from the second tabic and the writ- 
ing mode read from the first table is set as a 25 
writing mode for writing the optical disc by re- 
ferring to a first table and a second table, 
wherein the first table is used tor storing a plu- 
rality of writing modes corresponding to a plu- 
rality of positions of zones (zone positions) and 30 
writing speeds when a writing is performed for 
the zones respectively, wherein a writable re- 
gion of the optical disc is divided into the zones 
from an inner circumference to an outer circum- 
ference; and the second table is used for stor- 35 
ing a plurality of disc types of the optical disc 
and the writing modes each of which corre- 
sponds to one disc type of the optical disc; 
a CLV controlling process for controlling the 
servo driving device such that according to the 40 
set writing mode, a zone is detemnined from the 
position detected by the position detecting de- 
vice, and then a data writing is perfonned for 
the zone with the writing speed set for the zone; 
a deviation detecting process for detecting a 
servo signal deviation of the servo driving de- 
vice with the wriling speed set by the wriUng 
mode setting device; and 
a first speed reducing process for reducing the 
writing speed by the CLV controlling device so 
when controlling the servo driving device ac- 
cording to the detected deviation. 

40. The method apparatus of claim 39, wherein the 
disc-type detenmining process is used for determin- ss 
ing a maker or a media type of the optical disc. 

41. The method of claim 39, wherein the first table 



stores the writing modes wherein for each writing 
mode, when the zone positions are not set. the writ- 
ing is perfomned with a single writing speed, and 
when the zone positions are set, the writing to each 
zone is performed with the writing speed corre- 
sponding to each zone; 

wherein when the zones are not set In the writ- 
ing mode set by the writing mode setting devk:e, the 
CLV controlling process controls the servo driving 
process so that the data writing is performed by the 
CLV manner with the single writing speed to the op- 
tical disc; and when the zones are set in the writing 
mode set by the writing mode setting process, the 
CLV controlling process determines the zones ac- 
cording to the zone positions detected by the posi- 
tion detecting process and then controls the servo 
driving process so that the data writing Is performed 
to each zone by the CLV manner with the writing 
speed set for each zone; and 

wherein when the zones are not set in the writ- 
ing mode set by the writing mode setting process, 
the deviation detecting process detects the servo 
signal deviation of the servo driving process with the 
single writing speed; and when the zones are sot in 
the writing mode set by the writing mode setting 
process, the deviation detecting process detects 
the servo signal deviation of the servo driving proc- 
ess with the writing speed set for each zone. 

42. The method of claim 39, wherein first speed reduc- 
ing process reduces the writing speed by a prede- 
termined level according to the level of the servo 
signal deviation. 

43. The method of claim 39, further comprising a power 
controlling process for controlling a writing power of 
a beam emitted from an optical pick-up according 
to the reduced writing speed. 

44. The method of claim 39, further comprising 

an OPC executing process for executing an 
OPC operation with a predetermined writing speed 
before the deviation detecting process starts to de- 
tect; 

an OPC detenmining process for determining 
whether the OPC operation Is nomrially complete; 

an OPC re-executing process for re-execut- 
ing the OPC operation by the OPC executing with 
a writing speed reduced by the predetermined writ- 
ing speed, when the OPC operation is not normally 
complete; 

a second speed reducing process for replac- 
ing the writing speed that is set by the writing mode 
setting process by a writing speed when the servo 
signal deviation is detected by the deviation detect- 
ing process to therefore set a writing speed during 
the OPC operation that the OPC operation is deter- 
mined to be normally completed, when the OPC op- 
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eration is re^executed. 

45. The method of claim 39. further comprising 

a light receiving process for receiving a reflec- 
tion beam reflected by the optical disc; and 5 

a tracking en^or signal generating process for 
generating a tracking enror signal used for detecting 
a tracking error of the optical disc from a light re- 
ceiving element, wherein the deviation detecting 
process uses the tracking error signal to detect the io 
servo signal deviatbn of the servo driving process. 

46. The method of claim 39, further comprising 

a light receiving process for receiving a reflec- 
tion beam reflected by the optical disc; ts 

a focusing error signal generating process for 
generating a focusing error signal used for detect- 
ing a focusing error of the optical disc from a light 
receiving element, wherein Ihe deviation delecting 
process uses the focusing error signal to. detect the ^ 
servo signal deviatk>n of the servo driving process. 

47. The method of claim 39, further comprising 

a light receiving process for receiving a ref lec* 
tion beam reflected by the optical disc; and 

a tracking error signal generating process for 
generating a tracking error signal used for detecting 
a tracking error of the optical disc from a light re- 
ceiving element; and 

a focusing error signal generating process for so 
generating a focusing error signal used for detect- 
ing a focusing error of the optical disc from a light 
receiving element, wherein the deviation detecting 
process uses the tracking error signal and the fo- 
cusing error signal to detect the servo signal devi- 35 
atlon of the servo driving process. 

48. The method of claim 39, further comprising an ac- 
knowledging process for outputting a signal to In- 
form when the writing speed to control the servo 40 
driving process is reduced by the first speed reduc- 
ing process. 
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